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PREFACE. 



ThiBcommrm roods of the TJniled Stales are inferior to tkam 
o/any aOier cioilizcd country . Their faults are those of tlirec- 
lioD, of slopes, of Pbape, af surface, and generally of defi- 
ciency in al! the allribulos of good roads. Some of these 
defects are indeed the unavoidable results of the scantinesa 
of capital and of labor in anew country, but most of them arise 
from an ignorance either of the true principles of road-making, 
or of the advantages of pultin;^ these principles into prac 
tice. They may therefore be remivcd by a more general diflb- 
Bion ofscienlitic instruclion upon this subject, and to assist in 
bringing about thia consummation is the object of the present 
volume. In it the author has endeavored to combine, in a 
systematic and symmetrical form, the results of an engineer- 
ing experience in all parts of the United Slates, and of an 
examination of the groat roads of Europe, with a careful di- 
gestion of all accessible authorities, an important portion of 
the matter havitig never before appeared in English. He has 
striven to reconcile the many contradictory theories and 
practices of road. making ; to select from them ihose which 
are most in accordance with the teachings of science ; to 
present as clearly and precisely as possible the leading fea- 
tures of those approved, laying particular stress on such "as 
are most often violated or neglected ; and lo harmonize the 
successful but empirical practice of the English engineers 
with the theoretical but elegant deductions of the French. 



Before the construction of j road la commcnccdi ils multcre 
should well determine " What it ought to be," in ihe vilal 
[loinis of direction, slopes, ahape, surface and cost. TItii b 
iherefore llie firet topic discussed in ihia volume. The next 
is the " Location" of the rood, or t)ie choice of the grouna 
over which it should pass, thai it may fulfil ihe desired 
cotiditions. In this chapter are given methods of perform. 
ing nil ihe necessary measuremenis of distances, direciiona 
and heijjhts, without ihe use of any inslrumonls but such ai 
any mechanic can make, and any farmer use. The " C(ffl- 
tlrvclim," of the road is next explained in its details of Bxca- 
vation, Embankment, Bridges, Culverts, die. At this stuge 
of progress our road-makers too generally slop short, but the 
road should not be considered complete till " Tht Improve 
meid of its mrface" has been carried to as high a degree of 
perfection as the funds of the work will permit. Under this 
head are examined earth, gravel, MuAdam, paved, plank and 
other roads, " Bail-roadx," and their motive powers, are 
treated of in the next chapter. The " Management of toten 
road*" is last taken up, the evils of the present system of 
Road.tax are shown, and a better system is suggested. In 
the " Appendix" are minute and practical examples of thn 
calculations of Excavation and Embankment. 

To enable this volume the better to attain its aim of being 
doubly useful, as a popular guide for the farmer in improving 
the roads in hia neighborhood, and as a College Text book, 
intioductory to the general study of CivU Engineering, the 
mathematical investigations and professional details have hpen 
prirjted in smaller type, so as to be readily passed over by 
the unscientitic reader. 



a Ihe Civil Ed<:[ducj 



AtJTHORrriES REFERRED tO. 



Jlemmder. Amer. Ed. of Sinuns oa LerelliDg:, Baltimore, I83T. 

Aaoalca dei PonU et CIiausbi^b, Parii. 

Atiteiitu Experiences Bur la n^ain-d'reuTre dea dtScrens trnvBDZ, ParU. 

Sabiaije. Eeonomy of MatJiincrj and Maaufiwture*, London, 1831, 

BtrtkaM-DiKraut:. De I'Art d'cntrotenir lea Routes, Paris, 1837. 

Bloodgood. Treatiae oa Roads, Albuoj, 183S. 

Ckevalier. Les voies de commuiiieatinD our Etats tJule, Paris, 1848 

Civil EDgiaeers' Bud Arcbitvets' Jourual, London, 

On^. Ene^opcdia of Civil Engineering-, Xiondan, l%^^. 

DaeUt. Elements ol Surrcyidg, &.C., New York, 1645. 

Delaittre. La Science dea tuEenieuiHi Paria, !83j. 

Dupin. Appliraliuiis de G<Soin«Irie, Pars, 1820. 

" TravBui cmls de la Grande Bretngae, Paris, 1824. 

Eaton. Suiveying and Enginpering, Troy. 

Edgemorth. Coastructkln of Roads and Carriagca. 

Flaciat 4- Bonnet. Mauuel etCode des Roales et Cliausa!ea, Porw. 

Fromt. TrigouoflKtrical Surveying, London, 1840. 

Oat/ffier. Manuel des Ponta c:t Cliaussfss, Paris, 1844. 

Geritner. Memoira aur lea grandea routes, Paris, 1827. 

Chieg. Slricliires oo Road-police, London. 

OrifitL Ou BDnde, Londou. 

HiLglit> Mahiug Biid Rppairing Roads, Loodon. 

Journal de i'Ecole Poly lee linique, Paris. 

lounial of Iha Franklin Inatilute, Pliilodelpliia. 

Jalliea. Manuel de I'logenieur CivU, Paris, IS45. 

Laws of CucBvalion aud Embsnknteut on Railways, London, 1840. 

Licounl. Tfratiee on Baiiways, Londou, 1839. 

rci'ft Tables for calcnialing Cubic quantities of Borthwork, Loudua 
in. Course of Civil Engineering, New York, 16411. 
tilt. Manuel de I'Agenl-voyer, "aris, IB43. 
^.HsAiajii. Synt^ui of Ruiid-Mukiu£, Uiudon, 1825 



6 AUTHORITIES. 

Millittgttm CiTil EngiDeerinir, Philadelphia, 1839. 

Biorin, Aide-Memoire do MfeaDique, Pasis, 1843. 

MoMely, Mech principlea of Eagineering and ArchiUctare» Londoo» 1843 

Navier, Travatix d'entretien dea Routes, Paris, 1835. 

** Applicatioii de la M^canique aux constnictiooa, Paria 
Nimmo. On Roads of Ireland, Slc, 
PamM, Treatise on Roads, London, 1838. 

Paterwtu Practical Treatise on Public Roads, dtc., Montroae, I890> 
Penfold. On Making and Repairing Roads, London, 1835. 
PonceUt. M^canique ludustrieUe, Paris, 1841. 
Potter. Applications of Science to the Arts, New Tork, 1847. 
Railroad Journal, New York, 1832-1847. 
Renvoich, Pkuctical Mechanics, New York, 1840. 
Reports of U. S. Comniiasioner of Patents, Washington. 
Reports of U. S. Engineer Corps, Washington. 
Reports Ui Parliament on Holyhead roads, dtc., Londcnik 
Ritchie, Railways, London, 1846. 
Road Act of New York, Rochester, 1845. 
Roads and Railroads, London, 1839. 
Sgamxin. Course of Civil Engineering, Boston, 1837. 

" Cours de Construction par Reibell, Paris, 1842. 

Simma, Telford*s rules for making and repairing roads, LondoQ 

'< Public Works of Great Britain, London. 

'* Sectio-PIanography, London. 

Stevensan, Civil Engineering of North America, Loi:don« I83ft 
Telford, Reports on Holyhead roads, London. 
Tredgold. On Railroads, London, 1835. 
Wood. Ob Railroads, Philadelph ft. 1S32. 



iUAUTICAl TABLE OF CONTENTS. 



iHTRODltOTIOM «, .. IS 

CHAPTRR I.— WHAT ROADS OUGHT TO BE— 25 

1. AS TO THEIR DIHEOTIOK %0 

ImpdVlanco of BlniighlncH. ~....^ ib 

Advanlages of curvlug. _ ib. 

Pleunre drWsi W 

ft. A3 TO THEIB SLOPES 31 

Loss of power ou luclUiBtioiis. „ ib. 

UndqlslinB roHd.. 37 

Grealot allownble elope. ^ ^ 38 



pe of Ihn rood-bed 

,-palhfl, &c 

hM_ ^ 

-Blopea of Ihe cullinnfs and Gli:^._ 


48 

53 

ib 

.- 55 








ilaiiCMtoba IcsB-oed i*. 











8 CONTENTS. 

« 

Paoi 

0. A8 TO THEIR 008T 65 

Comparison of cost and reTenoe to 

Amount of Traffic. 66 

Coat of its trauaportation ^ tfr. 

Profit of miproviug the surface. » 67 

** ** lessening the leu|(th .68 

** " avoiding a hill >6. 

CoBseqaent increase of travel 70 

CHAPTER II.— THE LOCATION OF ROADS 72 

1. ABBANGEMENT OF HILL8. VALLEYS AHDWATEOU 

COURSES 74 

Line of greatest slope. 75 

Inferences from the water-courses 78 

2. RECONNAISSANCE 81 

9. SURVEY OP A LINE y 86 

Measurement of distancec. • 87 

" directions. 90 

«• heights. 93 

4. lylAFFINa THE SURVEY 101 

Plot of the distances and directions. ih. 

Profile of the distances and heights.. 103 

6b ESTABLISHING THE GRADES 105 

O. CALCULATING EXCAVATION AND EMBANKMENT US 

Preliminary arrangements • 113 

SecUo-Pianography «'*• 

Tubular entries U* 

Cuuical sontents. «. 117 

Balancing the excavation and embankment.*....... 118 

Shrinkage •'*• 

Change nf grade 119 

Transverse balancing. • 192 

Distances of Transport 123 

yg ESTIMATE OP THE COST 124 

Earthwork «^- 

Wages.. »'*• 

Quality '2* 

Distance ^27 

Land, Bridges, &c 132 



t 



8. FIHAI. LOOATIOH OF THS UXS... 

ILectificHlioa 

Curves. - 



Setting gnde p«gl. ItS 



CHAPTER III.— CONSTRUCTION OF ROADS ■• 147 

1.EABTHWOEK in 



BUTOW wIihHIdi.— 
Dflvp culUnga- 



Tionellliie..-. 

l»l"«tng 

EmbanknienU.,. 



in 



. MEOHjUnOAL STBtJOTUBES 113 

Bridge! > „ ib. 

CulVBilB snd dniiiu 176 

Catchwitera, or WUei-tablea 180 

Bataiumg Walls. 183 



CHAPTER IV.— IMPROVEMENT OF THEIR 

SURFACE 188 

1. BABTHBOADS UB 

How to improve them ii. 

Efiectfl af wheel* on their BurfwHi-. 191 

ft, QKATBI-BOADS IBS 

XKrectioDS Im llieir GonstnicboD -..■•. H 



10 CONTENTS. 

9» BBOKBH-STOITB ROADS. IM 

McAdam roads. ^ ^ ik. 

Fundnmental principles. • J99 

analUy of the stooe. 196 

Size of the broken stones IflR 

Breaking tbeiB 100 

Thickness of the coating 900 

Application of the materials 901 

Rolling thenewroad 904 

Keeping np the road 90S 

BepalringiL 900 

Telford roads «....^ 210 

Specification ik. 

Propriety of a pavement foondatioo. 919 

Foundation of concrete 91.% 

4i PAVED BOADS 910 

Pebble pavements ^....m...... ib 

Squared stone pavements. ^ m....- 217 

Foundations 918 

Of sand ik. 

Ofbroken stones 919 

Ofpebbies ik, 

Ofconcrete a 

Quality of stone 990 

Sizeand shape 991 

Arrangement 933 

Manner of laying • 933 

Bordersand carbs 934 

Advantages 935 

Paved and McAdam roads compaiwL ^ i&. 

Koman roads ». »....•..........••.....•. 226 

8b UOADS OF WOOD 228 

Logs « - •...•.•.....^.. ib. 

Charcoal m..... 229 

Plank ^ 230 





11 


9. HOADaOPOTHEBMATBHlAU. 


.■ Ml 






Caaliron 


i& 


Cuutchoue . 


.„ a. 






OfBtoDB. ^ 


ib. 


Ofiron ^ 


aeo 


CHAPTER V. RAIL-ROADS 


201 


I. Wiiir Rail-roads ought to sb ~ 

1. AS TO THEIH DIBEOTIOH - 

Economy of slraigliUiesa. 

Evilfl of curvea- „ 


264 

270 

ib. 

¥tl 








., 




380 




a» 


^^^^^ The broad uid nnrmv gnuee queatim 


ib. 










V WidU. of road-bed 


SB8 






B m. The Construction or Rail-roads 


291 


^H X. FOSMinaTBSBOAD-BBD 


- — a. 




^F BaUasdng „ „ 


SS4 

8B6 


^^^^^^^^^^^H^^-^,i^^^^^^^^^^H 


^^^ 



IS CONTENTi. 

a THB.™««,r,o» '\S 

Rails supported at intenrals -....m H, 

Theiri^iape. ik 

Thdrwdght ••• Ow 

The dtalsiices of tbalf saypw ts O 

Tbair end joints. SOt 

TbairohslfB SOI 

Blooe blocks 308 

Wooden o n » itoep st s •• 304 

RaOs OQ continuous supportsL ». 805 

inclination of the rails • 808 

Elevation of the outer ralL Uk 

Sidings, crossings, Ac 809 

Single rail railroad. •, » 811 

lY* Ths Motive powers of Rail-roads 312 

L HORSEPOWER. t». 

Table of power at difoent speeds. - t& 

tL STATIONART ENanrES 313 

A Broadway railroad. 814 

9m L000M0TI7E EirOZNEt ^ 316 

History ib. 

Principles 821 

Speed and power 824 

Working expenses 826 

Safety of travelling 828 

Signals. 881 

4i ATMOSPHERIO PRESSURE. 334 

History of its applicatioa ib. 

Description of present system. •. •. 885 

Advantages. - 888 



■ OHAlTElt Vr.— THE MANAGEMENT 


IS ^M 


^H The present Road-lax Bj6lem 


S43 ^M 


^B Mew syawm proposed 

^M AFFENDIS A. 

^H CAl-Cni^TIONS OF ESCAVATIOS AND EMBANK>fENT. . . 

^H BymeraglnKend aress 

^H Error in oicns 


343 ^m 

849 ^1 


H ""S^Hn'd^'::::;;:::::::::::::::::::::::::::;::::: 


an ^H 














^^P Wben lbs fcronnd Id sldDlulig.. 

^H When ibc furlica U warped 


m ^1 


^^B Iire^^lar gtaiiDd 


H 


^H EipluiitiDD of Ubles 


^1 






^H " D. EHlimnlion 


430 ^M 


^1 F. Bridges 

^^1 O. SpedficaliuDs 


44S ^M 











MANUAL OF ROAD-MAKING. 



INTRODUCTION. 

The Roads of a country are accurate and certain Ical8 
of the degree of its civilization. Their construction is 
one of tlie first indications of the emergence of a people 
from ihe savage slate ; and their improvement keeps pace 
with the advances of the nation in numbers, v^ealih, in- 
dustry, and science — of all which it is at once an element 
and an evidence. 

Roads are the veins and arteries of the body politic, 
for througli them flow the agriculiural productions anJ the 
commercial supplies which are the life-blood of the stale. 
Upon the sufficiency of iheir number, the propriety of 
their directions, and the unobstmctcdness of their courses, 
depend the ease and the rapidity with whicii the more 
distant portions of the system receive the nutriment which 
senliat to their life, health, and vigor, and without a 
copious supply of which the extremities must languish 
atid die. 

But roads belong to that unappreciated class of bless 
ings, of which the value and importance are not fully felt 
because of the very greatness of their advantages, which 
BO manifold and indispensable, as to have rendered 
their extent almost universal and their origin forgotten. 
Perhaps we will better appreciate them, if we endeavor to 



imngine whni would be our condition if none hud ever 
been cunstructcil. 

Suppose, Uien, timt n traveller had occaiiun lo go from 
Boston to AlbHny, and that no roud between the two 
pinccs was yet in existence. In the first place, how wo'ild 
he find his way? Even if he knew that his general di- 
rection should be towards tlie selling sun, the sun would 
be often hidden by day, and the stars by night ; and, there 
being no roads, there would be no engineers and no sur- 
veyor's compass. The moss upon the north side of the 
trees might be in some degree a guide to him, if he were 
akilled in woodcraft; but he would al Inst become so be* 
wildnred, thai, like lost iiunters on the prairies, he would 
begin to believe that the sun rose in the west, set in ihe 
east, and was due north at mid-day. 

Allowing, however, that lie was fortunate enough to 
retain llie true direction, would lie be able to follow it' 
In the forest he must force for himself a passage through 
llie tangled underwood, and make long circuits around the 
fallen trees, wliich no axe-men liave as yet cleared away. 
Through tiie swamp lie must struggle amid the slippery 
and deceitful mud, for no road-maker has yet built the 
causeway. Over the mountain he must clamber only to 
again descend, for topographical science has not taught 
him how much he would gain by winding around its base. 
The rocky walls of precipices lie must arduously climb, 
and perilously descend, for no engineer has as yet blasted 
a passage through them. Meeting a deep river, or even 
a mere mountain torrent, if he cannot ford or swim it, he 
muHl seek its head with many miles of added travel, lo be 
doubled again b} his return to his original direction. All 
this while, too, he can subsist only by precarious hunting ; 
for, there being no roads, there would be no inns, anil 
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e can scarcely carry himself along, much less a sloro of 
provisions. 

Look new at ihc contrast, and at the ease, speed, and 
comfort wilh which the modern traveller flics from place 
to place upon ihaL best of all roads, a milruad. 

But ilie increase of personal comfort is only a petty 
item in estimating the importance of ronds, even in despite 
of Dr. Johnson's exclamalion, that life has no greater 
pleasure than being whirled over a good road in a post- 
chaise. More important is the consiileralion, thai, in 
the absence of sue!) faciiilies, the richest productions 
of nature waste on tlic spot of iheir growth. 'I'Jie lux- 
uriant crops of our western prairies are somelirnes left 
to decay on llie ground, because there are no rapid and 
easy means of conveying them to a market. The rich 
mines in the norlhern part of the slate of New York are 
comparatively valueless, because the roads among tho 
mountains are so few aiid so bad, that l!ie expense of the 
Iransporlation of the metal would exceed its value. So, 
too, in Spain, it has been known after a succession of 
abundant harvests, that the wheat has actually been al- 
lowed to rot, because it would not repiiy the cost of car- 
riage.* In that country, fur similar reasons, sheep are 
killed for their fleece only, and tiie flesh is abandoned ; aa 
is likewise the case with cattle in Brazil, slaughtered 
merely for their hides. 

Such are the effects of the almost total want of roads. 
Among those which do exist, the difference, as to ease, 
rapidity, and economy of transportation, caused by the va- 
rious degrees of skill and labor bestowed upon ihem, ta 
much greater than is usually imagined, particularly by 
farmers, whom they most concern. 

• Edinburgh Ruview, Liv. 448. 
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One impdOant difference lies in ihe grades or longitn- 
tlinal slopes of a road. Suppose llml a road rises a liun- 
drcd feet in the distance of two lliousaiid feet. Its ascend- 
ing slope is then one in iwenly, and (as will be hercftficx 
proven) one-twcntietli of llie wlioie load drawn over ii in 
one direction, must be acinally Hfled up this eniire iieighl 
of one hundred feel. But upon such a slope a liorae can 
draw only one half as much as lie can upon a level road, 
nnd two horses will he needed on such a road to do t)ie 
usual work of one. If the road be intrusted to the care 
of a skilful engineer, and be made level by going round 
hills instead of over lliem, or in any other way, lliere will 
be a saving of one half of the former expense of carriage 
ou it. 

Another great difference in roads lies in the nature of 
their gutfaces : one being hard and smooth, and another 
soft and uneven. On a well-made road of broken stone, a 
horse can draw three limes as much as he can upon a 
gravel road. By making, then, such a road as the former 
(according to the instructions in Chapter IV.) in the place 
of the lalier, llie expenses of transportation will he re- 
duced to one-third of their former amount, ao that two- 
thirds will be completely saved, and two out sf liiree of all 
the horses formerly employed can then be dispensed with.' 
If such an improvement can be made for a sura of money, 
the interest of which will be less than the total amount of 
the annual saving of labor, it will be true economy to 
make it, however great the original outlay ; .for the de 
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INTRODUCTION. 19 

ei«ion of nil snch qucstiona depends on considerations of 
comparative profit. This part of ihe subject will be more 
miiiuicly examined at the end of Chtipler I., in considering 
" What roads ought to be as to their cost." 

The profits of such improvements are not confined lo llio 
proprietors of a road, (wlieiher towns, or companies re 
numerated for these expenditures by tolls) but are shared 
by all who avail themselves of the increased facilities; 
consumers and produccis, as well as road-ownera. If 
wheat be worth in a city a dollar per bu»hci, and if il 
cost 25 cents to transport it thither from a certain farming 
district, il will there necessarily command only 75 cents. 
If now by improved roads the cost of carriage is reduced 
to 10 cents, the surplus 15 cents on each bushel is so mucH 
absolute gain to the community, balanced only by the cost 
of improving the road. Supposing that a loll of 5 cents 
will pay a fair dividend on this, there remains 10 cents per 
bushel to be divided between the producer and llie con 
BUmer, enabling the former lo sell his wheat at a higher 
price than before, while at the same time the latter obtains 
it at a less cost. 

Agriculture is thus directly, and likewise indirectly, de 
pendent in a great degree upon good roads for its success 
and rewards. Directly, as we have just seen, these roads 
carry the productions of the fields lo the markets, and 
bring to them in return their bulky and weighty materials 
of fertilization, at a cost of labor which grows less and less 
as the roads become better. Indirectly, ihe cities and 
towns, whose dense population and manufacturing indus- 
Iry make them the best markets for farming produce, 
are enabled lo grow and to extend themselves indefinitely 
by roads alone, wliicb supply the place of rivers, to the 
banks of which these great towns would otherwise be nc- 
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ccssarily confined.* While therefore, it would be an in- 
excusable waste of money to construct a costly road to 
connect two small towns which had lillle inlercoursc, it 
would be equally wasteful, and is a much more frequent 
short-sightedness of economy, to leave unimproved and 
almost in a state of nature, the communications between 
a great city and the interior regions from which its daily 
sustenance is drawn, and into which its own manufactures 
are conveyed. 

Some of the advantages thus to be attained, have been 
well summed up in a report of a coinmittee of the House 
of Commons : 

" By the improvement of our roads, every branch ot 
our agricultural, commercial, and manufacturing industry 
would be materially benefited. Every article bi ought to 
market would be diminished in price ; and the r umber of 
horses would be so much reduced that, by these and other 
retrenchments, the expense of five millions [pounds 
sterling] would be annually saved to the public. The 
expense of repairing roads, and the wear and tear of car- 
riages and horses, would be essentially diminished ; and 
thousands of acres, the produce of which is now wasted 
in feeding unnecessary horses, would be devoted to the 
production of food for man. In short, the public and 
private advantages which would result from effecting that 
great object, the improvement of our highways and turn- 
pike roads, are incalculable ; though, from their being 
spread over a wide surface, and available in various ways, 
such advantages will not be so apparent as those derived 
from other sources of improvement, of a more restricted 
and less general nature." 

* McCuUoch, Dictionary of Commerce. 
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The changes in tlie condiiion of a country which such 
improveinenLs elTecl, are of Uie higljcsl imporiance. There 
1:1 as much Irulh as blundering in ibe famous couplet wni- 
len hy an eiunusiiastic admirer of lije roads whicli Marshal 
Wade opeaed through the Scoilisli Highlands ; 

" Oil. had you only ana IhcH laada before Ihey wern made. 
You wnuld liri up your eyes and bless Manlml Wade I" 

His military road is said to have done mora for ihe civili- 
zation of the Highlands than the preceding efforts of all 
the British monarchs. Bill the later roads under the more 
Bcienlific direction of Telford, produced a cluinge in the 
stale of the people which is probably unparalleled in the 
history of any country for the same space of lime. Large 
crops of wheal now cover former wastes ; farmers, houses 
and herds of cattle are now seen where was previously a 
deserl; estates have increased sevenfold in value and 
annual returns; and the country has been advanced at 
least one hundred years. In Ireland similar effects have 
been produced, and ihe face of ihe country in some dis- 
tricts has been completely renovated. The enlarged labors 
of the public works, now undertaken in that coujitry by 
the government, though commenced only for temporary 
relief, will not fail to produce great permanent benefits. 

The moral results of such improvements are equally 
admirable. Telford testifies that in the Highlands they 
greatly changed for the belter tlic habits of the great 
working class. Thus, too, when Oberlin wished to im- 
prove ihe spiritual condition of his rude flock, he began 
by bettering their physical slate, and led out his whole 
people 10 open a road of communication between iheii 
secluded valley and llie great world without. The won- 
derful moral and inte'lsclual amelioration whicii ensued 
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was an unmistakcable tribute to the civilizing and eleva 
ting influence of good roads. 

Among the most remarkable consequences of the im« 
provcmcnt of roads, is the rapidly increasing proportion in 
which their benefits extend and radiate in every direction, 
as impartially and benignantly as the similarly diverging 
rays of the sun. Around every town or market-place we 
may conceive a number of concentric circles to be drawn, 
enciusing areas from any part of which certain kinds of 
produce may be profitably taken to the town ; while from 
any point beyond each circumference, the expense of the 
carriage of the particular article would exceed its value. 
Thus the inner circle, at the centre of which is the town, 
may show the limit in every direction from beyond which 
perishable vegetables, or articles very bulky or heavy in 
proportion to their value, cannot be profitably brought to 
market ; the oext larger circle may show the limit of 
fruits ; and so on. If now the roads are improved in any 
way, so as in any degree to lessen the expense of car- 
riage, the radius of each circle is correspondingly in- 
creased, and the area of each is enlarged as the square of 
this ratio of increase. Thus, if the improvement enables 
a horse to draw twice as much or to travel twice as fast 
as he did before, each of the limiting circles is expanded 
outward to twice its former radius, and embraces foui 
times its former area. If the rale of improvement be 
threefold, the increase of area is ninefold ; and so on 
All the produce, industry, and wealth, which by these im 
provements finds, for the first time, a market, is as it were 
a new creation.* 

The number of passengers is governed by similar laws ; 

* Dr. Audenon. 



and the increased facilities of a bcllcr ruad allmct ihcni 
Ironi inferior ones, as the digging of a new and deep well 
oficn drains the water from all the shallow ones in its 
neighborhood. The distance to the right and left of the 
new road, from which il will attract passengers, admits of 
a mathematical investigation, which will be found at the 
end of Chapter I. ; and the deductions of theory are amply 
corroborated by the observations of experience, and more 
than realized in the improTemenl of every old road and llie 
opening of every now one ; for not only is the former 
travel attracted from great distances In every direction, 
but a very considerable ajtionnt is created. 

Supposing that by ihese improvements ihe average 
speed over a whole counlry be only doubled, ihe whole 
population of ihe counlry (to borrow a metaphor from an 
accomplished writer) would have advanced in mass, and 
placed their chairs twice as near lo the fireside of their 
metropolis, and tvvice as near to each other. If the speed 
were again doubled, the process would be repeated ; and so 
on. As distances were ihus grad ually annihilated, the whole 
surface of the country would be, as it were, contracted and 
condensed, till it was only one immense city ; and yet, 
by one of ihe modern mimclcs of science wedded to art, 
every man's field would be found not only where it always 
was, but as large as ever it was, and even far larger, eali- 
matJUf; its size by the increased profits of its productions. 
The more perfect the roads, tlie more rapidly would ihif 
resull be attained, and therefore most quickly of all by 
railroada. 

Bui howevei great the advantages of railroads, as to 
mere speed, and however precious to the hurrying travel- 
ler their triumphs over time and spacp, common roads will 
1 always be incomparably more valuable to the community 
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at large. The distinguishing characteristic of a modem rail 
road, as compared with a *' tram road," and that to which 
its peculiar power is chiefly due, is the projecting flangct 
of the wheels of its carriages, by which they are retained 
upon the rails. But this peculiarity, in an equal degree, 
lessens its advantages to the agricultural population ; since 
the vehicles which are adapted to travel on railroads can 
not be used on the common roads leading to them, nor in 
the ordinary labors of the farm ; while on all other im 
proved roads the same wagons, horses, and men, employed 
at one season in cultivating the ground, can also be pro- 
fitably employed, in their otherwise idle moments, in con- 
veying the produce to a market. For these reasons, even if a 
railroad came to every man's door, he could more economi 
cally use a good common road ; but since, on the con- 
trary, the expense of the construction of railroads must al- 
ways restrict thetn to important lines of communication, 
(where, indeed, their value can scarcely be estimated loo 
highly) in every other situation, the greatest good of the 
greatest number, and the most universal benefits with the 
fewest accompanying evils, will be most effectually se- 
cured, by improving (in accordance wiih the principles 
to be presently set forth) tlie people s highways — the 
common roads of the country. 

In this analytical examination of the subject of Koad- 
MAKiNG, it will be considered under the following general 
heads : 

1 . What Roads ought to be. 

2. Their Location, 

3. Their Construction. 

4. Improvement of their Surface 



CHAPTER T. 

WHAT ROADS OUGHT TO BE. 

* The art uf Rosd-msklng murt naeuliBll}' depend tot itt aaaxa on 
II* Wng osereispd in confomiily wilh c«ruiia (jfiifnl priuoiplrs ; ai^ 
tb«ir jiWiicflB shouid be rendi!n<d ao clear uid nir-eTidoDt u not to admit 
I dT an; eoulioveny." 

Sir Hemit Fiucul 



Rapidity, safety, and economy of carriage are the ob- 

I jeclB of roads. They should therefore be so located ami 
mcled as to enable burdens, of goods and of passeu- 

I gers, to be transported from one place to another, in llie 

^ least possible time, wilh the least possible labor, and, con- 
sequently, wilh the least possible expense- 
To allain these important ends, a road should fulfil cer- 
tain conditions, which the nature of the country over whicli 
it passes, and other circumstances, may render impossible 
to unite snd reconcile in one combination ; but to the union 
of which we should endeavor to approximate as nearlv as 
possible in forming an actual road upon ihe model of this 

I it'eally perfect one. We will therefore investigate— 

HAT ROADS OUGHT TO BE, 

1, As to their direction. 
S. As lo their slopes. 

3. As In their cross-sectum 

4. As to their surface, 

5. As to their cost. 
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1. WHAT mOADt OnOHT TO BB, AS TO TKEIS DZREOTXCa: 
IMPORTANCE OF UTRAIOHTNESB. 

Every road, other things being equal, should be per* 
fectly straight, so that its length, and, therefore, the time 
and labor expended in travelling upon it, should be the least 
possible ; t. e., its alignemens, or directions, departing 
from one extremity of it, should constantly tend towards 
the other 

Any unnecessary excess of length causes a constant 
threefold waste ; firstly, of the interest of the capital ex- 
pended in making that unnecessary portion ; secondly, of 
the ever-recurring expense of repairing it ; and, thirdly, of 
the time and labor employed in travelling over it. It will 
therefore be good economy to expend, in making topo- 
graphical examinations for the purpose of shortening the 
road, any amount less than not only that sum which the 
distance thus saved would have cost, but, in addition, that 
principal which corresponds to the annual cost of the re- 
pairs and of the labor of draught which would have been 

wasted upon this unnecessary length. 

I 

ADVANTAGES OF CURVIxVG. 

The importance of making the road as level as possible 
will be explained in the next section, and as a road can in 
few cases be at tl^e same time straight and level, these two 
requirements will often conflict. In such cdi^e^jStraightness 
should always he sacrificed to obtain a level, or to make 
the road less steep. This is one of the most important 
principles to be observed m laying out or improving a road, 
and it is the one most often violated. 

A straight road over an uneven and hilly country may, 
at first view, when merely seen upon the map, be pro 
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ilOQaced to be a bad road ; fur the siraiglitncss muBi have 
been nblained cither by submitting lo ^leep slopes Jn as- 
cending the hills and descending into the valleys, or these 
liaturdi obstacles must have been overcome by incurring 
B grenl and unnecessary expense in making deep cuttings 
and fillings. 

A good road should wind around these hills instead of 

running over them, and this it may often do without atoll 

increasing ita length. For if a hemisphere (such as lialT 

a bullet) be placed so as to rest upon its plane base, the 

halves of great circles which join two opposite points of 

this base are all equal, whether they pass liorizonially or 

verlically. Or let an egg be lard upon a table, and it will 

be seen thai if n level line be traced upon it from one end 

' to the other, it will be no longer than the line traced be- 

I iween the same points, but passing over ihe lop. Pre- 

L cisely so may the curving road around a hill be often no 

i longer tlian the straight one over it ; for the laller road is 

■Iraighl only wilh reference lu the vertical phine which 

passes through il, and is curved with reference to a hori- 

I zontal plane ; while the former level road, though curved 

I us to the vertical plane, is straight as to a horizontal ojie. 

I Both lines thus curve, and we cull the latter one straight 

fin preference, only because tls vertical curvature is less 

■ apparent to our eyes. 

The difference in length between a straight road and 
me which is slightly curved is very small. If a road be- 
llween two places ten miles apart were made to curve so 
llhat the eye couid nowhere see farther than a quarter cf 
■l mile of it at once, its length would exceed that of a 
^perfectly straight road between the same points by uoly 
E hundred and fifty yards.' 
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But even if the level and curved road were very much 
longer than t^.c straight and steep one, it would almost 
always be better to aiiopt the former ; for on it a horse could 
safely and rapidly draw his full load, while on the other he 
could carry only part of his load up the hill, and must di- 
minish his speed in descending it. As a general rule, the 
horizontal length of a road may be advantageously in- 
creased, to avoid an ascent, by at least twenty times the 
perpendicular height which is to be thus saved ; thatis, to 
escape a hill a hundred feet high, it would be proper for 
the road to make such a circuit as would increase its 
length two thousand feet/ The mathematical axiom that 
''a straight line is the shortest distance between two 
points," is thus seen to be an unsafe guide in road- 
making, and less appropriate than the paradoxical proverb 
that ** the longest way around is the shortest way home.' 

The gently curving road, besides its substantial advan 
tages, is also much more pleasant to the traveller upon it ; 
for he is not fatigued by the tedious prospect of a long 
straight stretch of road to be traversed, and is met at each 
curve by a constantly varied view. 

It cannot oe too strongly impressed upon a road-maker, 
that straightness is not the highest characteristic of a good 
road. As says Coleridge — 

" Straight forward gotm 
The lightning's flash, and straight the fearful path 
Of the cannon-balL" 

But in striking contrast he adds — 

** The ROAD the human being travels, 
That on which blessing comes and goes, doth follow 
The driver's course, the valley's filayful windings. 
Curves round the comfleld and the hill of vine8.''t 

* This proportion depends on the degree of friction assumed, c eutgect 
to be investigated in a following sectioo 
f The FiceolominL L 4 
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The passion for almigliiness is the great fault in the 
location of most roads in this country, which too often 
remind us how 



Mi 



I kiDg of France, wilh fort; thoorai 
rcb«l up a kill, and then — msrched 



SO generally do they clamber over hills which they could 
80 much more easily have gone around ; as if their ma- 
kers, like Marshal Wade, had " formed the hproic deter- 
mination of pursuing straight lines, and of defying nature 
and wheel-carriages both, al one valiant effort of courage 
and of science." 

One reason of this is, that the bouses of the first set- 

■ tiers were usually placed on hlll-topa, (to escape the poi- 
sonous miasmata of the undrained swamps, and to detect 
the approach of the hoslile savages) and that the first 
roads necessarily ran from house to house. Our error 
consists in continuing to follow these primilive roads with 
our great thoroughfares. These original paths were also 

I traversed only by men, and therefore very properly fol- 

I lowed the shortest though steepest route. Tracks foi 
pack-horses came next, and a considerable degree of 

I steepness is admissible in them also. Wheeled carriages 
were finally introduced and brought into use upon the 
same tracks, ihougti too steep for Irue economy of labor 
wilh them— ihe standard of slope being very different for 
foot, horse, and carriage roads. Before sufficient attention 
was paid to the subject, the lands on cither side of the 

I road had been fenced off and appropriated by individuals, 

[ and thus the random tracks became the legal highways. 
The evil is now perpetuated by the unwillingness of 

I farmers to allow a road to run through their farms in a 
winding line. They attach more importance to the square 
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ness of their fields tlian to the imprnvcrncnt of the lines 
of ihcir roails — not being aware liow much more labor is 
wasted by them in travelling over tlicsc steep roads, than 
there wouhi be in cultivating an awkward corner oi a 
field. 

This feeling is seen carried to excess in some of the 
now states of the West, in which the roads now run along 
" section-lines/' and as these sections are all squares, with 
sides directed towards the cardinal points of the compass, 
a person wishing to cross the country in any otiier direc- 
tion than North, South, East or West, must do so in rec* 
tangular zigzags. 

PLEASURE DRIVES. 

In read J designed solely for pleasure drives, such as 
those laid out by landscape gardeners in parks, cemeteries, 
&c., curvature is the rule, and straightncss only the ex- 
ception. In them the object is to wind as much as possible, 
m Hogarth's " line of grace," so as to obtain the greatest 
development of length which the area of the ground will 
permit, but at the same time never to appear to turn for 
the mere sake of curving. Some reason for the windings 
must always be suggested, such as a clump of trees, arise 
of ground, a good point of view, or any object which may 
conceal the artifice employed. The visiter must be de- 
ceived into the belief that he is travelling over a large area, 
while he is truly only retracing his steps and constantly 
doubling upon his track ; but he must do it unconsciously, 
or at least without knowing the precise manner in which 
the pleasant deception is effected. Ars est celare artem. 

The map on the opposite page, representing the roads 
aiid paths in Greenwood Cemetery, will somewhat illuch 
trate this principle 
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LOSS OP rowEK ox ixcUNATioxs. 

ETcry road should be perfectly level. If il be not, a 
large portion of the glrenglh of the horses which Irave) it 
will be eipcnded in raising the load up llie ascent. When 
i. weight is drawn up an inchncd plane, the resistance of 
tlie force of gravity, or the weight to be overcome, is such 
a part of the whole weight, as the height of the plane is ol 
its lengtli If, then, a road rises one foot in every twenty 
of its length, a hwse drawing up it a load of one Ion is 
compelled to acluaJly lift up one-tnenlieth of the whole 
weight, I, e., one hundred pounds, ihroiigh ihe whole 
height of the ascent, besides overcoming Ihe friction tA 
the entire load. 

Fig. a. 




■pnseA tn be at 

C. Draw CA perpentiicular to llif) hnrizon, and CB perpen- 
diculni to ihe snrfacie of the hitU \teX CA represent (he forca 
of gravity, or the weight ur ihe wagnn anii ila load. Il ia 
•quivaleni, in niagnitudB and direciiiin, lo iia two rectsngiitat 
ciimpiinont furces, CB and BA, CB wi I ihen rtpresent iha 
force wiih which the wagon pressps nn Iho surface uf ike road, 
«nd AI) the resisting force of gravity i. :., ihe farce (iiide> 
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:CtINATIONS. 



pendent nf friciion) which resists ih« ascent of Ihc wapon, oi 
which lends to drag Jl down hill. 

To And the amount of ihis force, from the two similar Iri- 

angtes, ABC and DEF, we get the proporliua 

CA:AB::DE:EF. 

RepieseDling the length of tlie plaae by I, ils height by A, 

and the tetighl of Ihe wagon and load bj W, Ihis prnpurlion 

becumea 

W : AB ; : I ; A, 

whence AB—Wy; lh«t is, the resistance of gravity due to 

the inclination, is equal la Ihe whole weight, multiplied by the 
heiehl of the plane and divided by iis length. If tlie inclina^ 
lion be one in twenty, tlicn this lesislance is equal to ^, W, 

In this investigalion, we have neglected three trifling aourees 
of ermi : arising from part of the weiglit being thrown from 
the front ttxles to ilie hind ones, in consequence of the inclina- 
tion of the traces ; from Ihe diminution of the pressure of 
the wei|;h[, owing to its standing on an inclined suifacc ; and 
fioni llie hind wheels bearing more than bulf of ibe pressure, 
in consequence of the line of gravity falling nearer them. 

The restjlts of e.tperiments fully confirm the deductions 
Lof theory as lo the great increase of draught upon iticli- 
I nations. The following table exhibils the force required 
I (according to Sir Henry Parnell) to draw a stage coach 
I over parts of Uie same road, having different degrees of 
1 inclioation : 



Tnclinaiion. 
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• Putting into a different form the resulu of these and othci 
ezponments, we estalilish the following datm: 
Galling the load which a horse can draw on a IcTel, 1.00 
in 100 a horse can draw only .00* 
in 60 " " " .81* 

1 in 44 " •• " .76t 

I in 40 " " " .73t 

1 in 30 •• " " .64t 

I in 26 " " " .54t 

I in 24 " •« " .60t 

1 in 20 •* •• •• .40t 

1 in 10 " " " .25* 

In round numbers, upon a slope of 1 in 44, or 120 feet 
to the mile, a horse can draw only three-quarters as much 
as he can upon a level ; on a slope of 1 in 24, or 220 feet to 
the mile, he can draw only half as much ; and on a slope 
of 1 in 10, or 528 feet to the mile, only one quarter as 
much. 

This ratio will, however, vary greatly with the nature 
and condition of the road ; for, although the actual re* 
sistance of gravity is always absolutely the same upon the 
same inclination, whether the road be rough or smooth, 
yet it is relatively less upon a rough road, and does not 
form so large a proportional share of the whole resist- 
ance. 

Thus, if the friction upon a road were such as to require, 
upon a level, a force of draught equal to ^V ^^ ^^® load, the total 
force required upon an ascent of 1 in 20, would be rV'f'^ir^rV* 
Here, then, the resistance of gravity is two«thirds of the 
whole. 
If thd road be less perfect in its surface, so that its friction 

* Oat/ffier, Experiments on a French road. 

t Parneu. Experiments on an English road at average of the three 
velocities. 
X InterpolatiunSb 
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^ Vo' ''•* '"''' '•"''^* "P"" '''^ oaceni wUI he ,', + a'j ; anrt 
e of grasily is one-hnlf of ihe wliol«, 
reuse lo y'^, ihe total resialinee is 
c-thicd of the niialp 



If tlio friction . 



We thus see lliat on a rough road, wilh great friction, 

I any inclinaiion forms a much smaller part of the resist' 

I ance llian does the same inch'natioii on a smooth road, on 

t which it is much more severely felt, and proportionally 

more injurious; as the gaps and imperfections which 

would not sensibly impair the value of a common knife, 

would render a fine razor completely useless. 

The loss of power on inclinations is indeed even greater 
than these considerations show ; for, besides the increase 
of draugiil caused by gravity, the power of the horse to 
overcome it is much diminished upon an ascent, and in 
even a greater ratio than that of man, owing to its ana- 
tomical formation and its great weight. Though a horse, 
on a level, is as strong as tive men, yet on a steep hill it 
is less strong than three ; for three men, carrying each 
100 lbs., will ascend faster than a horse with 300 lbs.* 
I Inclinations being always thus injurious, are particularly 
k^o, where a single sleep slope occurs on a long line o( 
Bxoad which is comparatively level. It is, in that case, 
■ especially important to avoid or to lessen this slope, since 

I the load carried over the whole road, even the level por- 
I' lions of it, must be reduced to what can be carried up the 
Liisceni. Thus, if a long slope of 1 in 24 occurs on a level 

II road, as a horse can draw up it only one half of liis full 
&]oad, he can carry over Ibe level parts of the road only 
m lialf as much as he could and should draw thereon 

m This evil is sometimes partially remedied by pulling on 
m^ full load and adding extra horses at the foot of the steep 
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slope. Oxen arc tims cmptoycd to assis" carriages npfl 
high hills, on the summils of which, for safely in lime of 
wai, the Eiruscans buill iheir citicg of Perugia, Cortooa^ 
&c. But tliis ia an i neon vcnic til, as well as expensive 
system, and the Imest economy is, to cul down, or lo go 
around such acchvilics, whenever lhi« is possible.* 

The bad efiects of ihis sleepneas are especially felt m 
winter, when ice covers llic road, fur the slippery surface 
causes danger in descending, as well as increased labor in 
ascending. The water of rains, also, runs down ihe road 
and gullies it out, dcstroymg ils surface, and causing a 
constant expense for repairs, oftentimes great enough lo 
pay for a permanent improvement. 

The loss of power on inclinaliona heing so great as hai 
been shown, ii follows iliat ii is very important never to 
allow a road lo ascend or descend a single foot more than 
is absolutely unavoidable. If a hill ia to he ascended, the 
road up it should nowhere have even the smallest fall or 
descent, for thai would make iwo hills instead of one ; but 
il should be so located and have such cuttings and fillings, 
Bs will secure a gradual and uninterrupted ascent the 
whole way. 

In tills point engineering bLLII can make nonderful improve- 
menli. Thus, an oM road in Anglesea, laid out in violation of 
this rule, rose and Tell between its extremities, 2i miles apart, 
a total perpendicular amount of 3,510 feet ; while a new road 
laid out by Telford between llje same pninia, rose and fell only 
2,357 feet; so that 1,2B3 feet of perpendicular height ia now 
done away with, wliich eTery horse passing orer the road had 
previously been obliged to ascend and descend with lis load. 
The new road is, besides, more than ivro milca shorter. Such ia 



• In Chapter IV., 



ider the head of " Roads wllb Trackways," will bo 
IlialJoa or the evils of sleep asccnta m cum when ] 
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CMWoflhcTesntiBof the laborsoraikilAjlrnad'miher. and tnaQf 
•Dch imprnvenienis mi^lil be maile in <iur Aniericm nnda 
For a re«eQt renuukabU uiilance, see ptge 383. 



There is a popuUr theory thai a gently undulating road 
\e less fatiguing to horses than one which ia perfectly level. 
It is said that the alternations of ascent, dcscenr, and levels 
call into play different muscles, allowing some lo rest while 
the others are exerted, and thus relieving each in lum. 

Plausible as this speculation appears at first glance, it 
will be found on exaniinalion to be unirue, both me- 
chanically and physiologically ; for, considering it in the 
former point of view, it is apparent that new ascents are 
fonned which offer resistances not compensated by llie 
descents ; and in the latter, we find that it is contradicted 
by the structure of the horse. The question was submitted 
by Mr. Stevenson* to Dr. John Barclay of Edinburgh" 
"no less eminent for his knowledge, llian successful as 
a teacher of ihe science of comparative anatomy," and 
he made the following reply : — " My acquaintance with 
the muscles by no means enables me to explain how a 
horse should be more fatigued by travelling on a road uni- 
formly level, than by travelling over a like space upon one 
thai crosses heights and hollows ; but it is demonstrably 
a false idea, that muscles can alternately rest and come 
into motion in cases of this kind Much is to be as- 
cribed Irf prejudice originating with the man, continually 
in quest of variety, rather than with the horse, who, con- 
Bulling only his own ease, seems quite unconscious of 
Hogarth's Line of Beauty-" 

Since this doctrine is thus seen to bo a mere popular 
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error, it shouid be utterly rejected, not only because false 
in itself, but still niore because it encourages tlie making 
ol undulating roads, and thus increases the labor and cofit 
of carriage upon them. 

GREATEST ALLOWABLE SLOPE. 

A perfectly level road is thus seen to be a most desira 
ble object ; but as it can seldom be completely attained, 
we must next investigate the limits to which the slopes of 
a road should be reduced if possible and determine what 
is the steepest allowable or maximum slope. 

This depends on two different considerations, according 
as the slope is viewed as a descent or as an ascent, each 
of wliich it alternately becomes, according to the direction 
of the travel. 

Viewed as a descent, it chiefly concerns the safety of 
rapid travelling, and applies especially to great public 
roads. 

Viewed as an ascent, it chiefly concerns the draught of 
heavy loads, and relates particularly to routes for agricui* 
tural and other heavy transportatioii. 

MAXIMUM SLOPE, CONSIDERED AS A DESCENT. 

The slope should be so gentle, that when a heavy ve- 
hicle is descending, its gravity shall not overcome its 
friction so far as to permit it to press upon the horses. 
This limiting slope corresponds to the " angle of repose** 
of mechanical science ; t. a., the angle made with the 
horizon by the steepest plane down which a body will not 
slide of its own accord, its gravity just balancing its fric- 
tion, so that the least increase of slope would overpower 
the resistance of the friction, and make the body descend. 
This "angle of repose" should therefore be the limit of 
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Ihe slope of a rond, for on such an inclination a vehicle 
once tet in moiton would descend with uniform, unaccel- 
eraied velocily. This angle varies wiih ihe smoothness and 
hardness of the road, and also with ihe degree of friciion 
of the axles of llie carriage. On ihe very best class of 
brtiken-sloiie roads, kept in good order, and with a good 
carriage, it is considered by Sir Henry Pnrnell, from his 
experiments, to be 1 in 35, (or 151 feel to the mile) 
which should therefore be the maximum siope upon the 
beat roads.* On such a slope a coach miiy be driven 
down, witii perfect safely and complete control, at the 
speed of twelve miles per hour. 

If the inclination be steeper than this, the danger of the 
descent is greatly increased, and Ihe speed must be less- 
ened. If it be so steep thai a carriage cannot be safely 
driten down at a greater speed than four miles per hour, 
on every mile of such a slope there will be a loss of ten 
minutes of lime, equivalent to two miles upon a level. 
To avoid such an inclination, a road-maker would 
therefore be jiislified, by consideraliona of time-saving, 
in adopting a level rouie lliree limes as long as the 
steep one. 

When inclinations are reduced to this limit of 1 in 35, 
there is little loss of power, compared with a perfect level, 
in either direction of the travel ; for the increased labor of 
ascending is compensated in a great degree by ihe in- 
creased ease of descending, while on a sleeper slope this 
advantage is nulliiied by i Kt, f,ecessity of the horses holdmg 
back the carriage to resisi the excess of the force of gravity. 



■ On auoh ronde Dr. Jjirdner 
■mall as 1 in 40 ; while oa road 
fnctimi iiiereBBFB ihe angle lo 1 ii 
I BO, or even Bleeper 
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Suppose thai a road is to be carried over b Iiill, whicll 
rlees 100 feet in a horizontal distance of 500 feet, (i. e^ 
1 in 6) and which cannot be avoided by any horizontal 
circuit witliin the limits of distance indicated on page 28. 
The question which prascnts itself is, how sleep can the 
slope of a road up the side of this tiill be most advanta- 
geously laid out, since, by adopting a zigzag line, the road 
may be made as long and ihcrcfurc as gentle in the ascent 
as may be desired ? The shorlesl hne would run straight 
up the face of the hill, and this line would give the least 
amount of labor ; but llien this labor for horses would be 
impossible : and even if possible, the horses could not 
draw up lUc whole load which liiey had been drawing on 
the olher parts of the road, nor could ihey descend it with 
safety. But, on the other hand, the road should approach 
this shortest line as neariy as other considerations will 
permit, since, if it should zigzag excessively for the pur- 
pose of lessening the steepness, it would be so long as to 
increase unnecessarily its cost and the lime and labor of 
travel upon it. A medium and compromise between these 
two evils must therefore be found. What shall it be 1 

Supposing the load of a horse on the level portions of ■ 
the road to be as much as he can regularly and constantly 
draw, his power of drawing it up an ascent will depend 
Upon how much extra exertion he is capable of putting 
forth. This is not very accurately ascertained or defined, 
and depends very much on the length of the ascent, but 
may be assumed at double his usual exertion.* Now a 
horse drawing a 'oad on a level road of the best character, 
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such as has been previously considered, is obliged by tho 
• resisiance of the friciion lo exercise against his collar a 
pressure of about one ihiny-fiftli of the load. If lie can 
just double this exertion, be can lift one tliiity-firth more, 
and the slope whicb would force him to lift that proportion 
would be (as was shown on page 32) one of 1 in 33. On 
this slope he would therefore be compelled to double his 
ordinary- exertion, and on this supposition it would be the 
tnaxiraum slope allowable, considered as an ascent. 

These two methods of determining the maximum slope 
(by considering it as an ascent and as a descent) are en- 
tirely independent of each other.* If they give different 
results, the smallest one, or the least slope obliiincd, must 
be adopted ; for, if it be disadvantageous to employ a 
slope steeper than 1 in 35, it must a fortiori be still more 
80, to employ one sleeper than 1 in 30, or 1 in 20 ; tliough 
even greater slopes are too often met with. 

Upon most of our American roads the resistance of 
friction would be found lo be nearer -^^ than j';, and 1 in 
20 would therefore be their maximum slope with their 
present condition of surface. But as it is to be hoped 
that in this respect they will, before long, be greatly im- 
proved, in which case tiiey would demand more and more 
genile slopes, we should anlicipaie this desirable consum- 
Rialion, by giving in advance to all new lines of road at 
least, if not to the faulty old ones, slopes not exceeding 1 
tR 30, which f^eems to be a just medium. 

■ They ^ve idenlicBl raaulu id this can, only becaiue the eilra exer- 
tion happened (o be laben as lioiibled. Suppose il In be tripled. The 
hone can liR jH; more, nliich comspondi to a BJope of t in 17}. Hditci 
. can indeed for a sliort time exercise a tension of sis times tlie usual 
Mnount, but Ihe ubove aaaumplion or double is more lepruddble, UiDugh it 
suBot be fixed with Ihe preoimoa o hich b deeinible. 
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The maTimum established by V administration de$ Ponts el 
ChausseeSt the French government board of engineers of roads 
and bridges, is 1 in *20. This, however, was fixed at a time 
when the usual surface of roads was much inferior to its pres- 
ent condition. 

The great Holyhead road, made by Telford through thu 
very mountainous district of North Wales, has 1 in 30 for its 
maximum, except in two cases, (one of 1 in 22, and a very 
short one of 1 in 17) and in them the surface of the road 
was made peculiarly smooth and hard, so that no difficulty is 
felt by loaded vehicles in ascending. On the old line of road, 
the inclinations had been sometimes as great as 1 in 6, 1 in 7, &c. 

On the great Alpine road over the Simplon pass, (which 
rises to a height of a mile and a quarter above the level of 
the sea) the slopes average 1 in 22 on the Itilian side, and 1 
in 17 on the Swiss side, and in one case only become as steep 
as 1 in 13. 

In the state of New York several turnpike companies are 
limited by law to a maximum slope of '* eighteen inches to a 
rod," t. e. 1 in 11. But this limit ought not to be even ap- 
proached in practice. 

On our " Nationar or " Cumberland" road the slopes 
in many places are much too great, and its superinten- 
dent, Capl. Wever, writes* that " if the road had been 
very considerably elongated in order to effect a graduation 
at angles not exceeding three degrees, or 1 in 19, (and for 
the maximum, two degrees, or 1 in 29, would be belter) 
the road could be travelled in as short a space of time as 
it now is, and the power used could move double l^he bur- 
den it now can ; thus rendering the road, for commercial 
purposes, doubly advantageous." 

If the ascent be one of great length, it will be advan- 
tageous to make steepest the lowest portion of it, upon 
which the horses come with their full strength, and to 
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meke ihe slopes gemlcr towards the summit of the as- 
cent, to correspond to the conlinually decreasing strength 
of the faligued horses. 



A true level has been thus far considered to be a most 
desirable .illribute, and one to be earnestly sought for, in 
establishing a perfect road. This principle must be qual- 
iHed, however, by ihe announcement that there is a mint' 
mum, or least allowable slope, which the road must not 
fall short of, as well as a maximum one, which it must not 
exceed. If the road were perfectly level in ils longitu- 
dinal direction, its surface could not be kept free from 
water without giving it so great a rise in ils middle as 
would expose vehicles to ihe danger of overturning. Bui 
when a road has a proper slope in the direction of its 
length, nol only do the side-diiclies readily discharge the 
water which falls into lliem, but every wheel-track that is 
made, becomes also a channel to carry off the water. 

The minimum slope (flatter than which ihe road should 
not be) is assumed by an experienced English engineer 
to be one in eighty, or 66 feet to the mite. The minimum 
established in France by the Corps des Fonts et Chaus- 
aeea is .008, or one in a hundred and twenty-five, or 42 
feet to the mile. An angle of one-half a degree is often 
named in this connection ; it equals one in a hundred and 
fiftiien. In a perfectly level country the road should be 
nnificiully formed into gentle undulations approximating 
10 the minimum limit. 

Finally, then, v>e arrive at this conclusion, that the Ion- 
>gitudinal slopes of a road should be kept, if possible, be- 
I in 30 and 1 in 125, never steeper than the/ormer, 
Jtor nearer to a level than the latter. 
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TABLES OF NCLINATI0N8. 



There being three different methods of specifying de- 
grees of inclination, (viz. by the angle made with the 
horizon, by the proportion between the ascent and the 
horizontal distance, and by the ascent per mile) it is fre* 
quently desirable to compare the different expressions. 
The following tables show the values which correspond to 
each other. 



Angles. 


Inclio:* lions. 


lO 
30 


1 in 115 


1 in 76 


1 « 


i in 57 


1 <<> 


1 in 38 


2 « 


1 in 29 


2P 


1 in 23 


3 <> 


1 in 19 


4 o 


1 in 14 


6 <> 


1 in 11 



Feet per mile. 



46 
69 
92 
138 
184 
231 
277 
369 
462 



Incl 



nation*. 



in 10 

in 13 

in 15 

in 20 

in 25 

in 30 

in 35 

in 40 

in 45 

in 50 

in 100 

in 125 



Angles. 



5° 43' 
4° 24' 
3° 49' 
2° 52' 
2^ 18' 
1° 55' 
1° 38' 
1° 26' 
1° 16 
1° 9 
0^ 35' 
0® 28 



Feet per mile. 



528 
406 
352 
264 
211 
176 
151 
132 
117 
106 
53 
43 
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a VTRAT ROADS OCOBT TO Bfi AS TO THEIR CROSS- BSOTIOV. 



Tlie cross-section of a road is llie 
present if cut lliruugh at riglit angli 



which it would 
i length, one of 

the portions heiiig removed. It comprises the following 

suhjecls of investigation ; 

1. Tke width of the rocd. 

2. The xliape of the road-bed. 

3. Foot-paths, ^-c. 

4. Ditches. 
>6. The aide-slopes of the cuttings and ^fillings. 

Fig. 3. 



The proper width for a load depends, of course, upon 
its importance, and the amount of travel upon it. Its 
minimum is about one rod, or I Gi feet, sufficient to enable 
two vehicles to pass each otlier with ease. For ordinary 
town roads a good width is from 20 to 25 Seal. A width 
of 30 feet Is fully sufficient for any road, except one which 
forms the approach to a very populous Ciiy. 

Any unnecessary width (such as is often adopted in a 
spirit of public ostentation) is injurious, not only from its 
waste of land, but from its increase of the labor and cost of 
koeping the road in repair; each rod in width adding two 
acres per mile to the area covered by the road. 

In tlie state of New York, by the revised statutes, "All 
public roads, to be laid out by the commissioners of high- 
ways of any town, shall not be less than three rods wide." 

This is to be the width between fences ; and no more 
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of it need be worked, or formed into a ^uiface for travel- 
ling upon, than is deemed necessary. 

The same laws declare, " It shuU be the duty of the 
commissioners of highways to order the overseers of high- 
ways to open all roads to the width of two rods at leasts 
which they shall judge to have been used as public high 
ways for twenty years." 

It is also ordered that " all privale roads shall not be . 
more than three rods wide." 

Turnpike-roads are obliged by the statute to be " laid 
out not less than four rods wide," and " twenty-iwo feet 
of such width to be bedded with stone," &c. When a 
precipitous locality renders the full width impracticable, 
** twenty-two feet" is the minimum width permitted. 

Where a road ascends a steep hill-side by zigzags, 
It should be wider on the curves connecting the straight 
portions. The width of the roadway may be increased 
about one-fourth, when the angle between the straight 
portions of the zigzags is from 120^ to 90° ; and the in- 
crease should be nearly one-half, when the angle is from 
00° to 60° .• 

» 

The Roman military roads had their width establiehed, by 
the Ia^V8 of the Twelve Tables, at twelve feet when straight, 
and sixteen when crooked ; barely sufficient for the army, bag- 
gage, and military machines. 

The French engineers make four different classes of roads.*! 

The first class comprises such as pass from the capital of 
onfe country to that of another. Their width is U6 feet, of 
which 22 in the middle are stoned or paved. 

Those of the second class pass from the metropolis of a 
country to its other great cities. Their width is 52 feet, of 
which 20 in the mid lie are stoned. 

Those of the third class connect large towns with each othef 

» "^~"^-— — — - — — -— 

* Mohuu, p. 282. t Gayffier, p. 90 . 
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widih i( 33 feet, wiili 18 
Their widib 



ni with f)rBt-cla*9 roadt. 
feet in the midille Hlooed. 

The fciurth cliia* contains cnmmon lowo roads, 
it 96 feel, with the same middle causeway ^b the laii. 

In England, the preacnhed width for turnpike-roails at the 
appruauh iv pnpuluua luwiis ia flO feel. The limits of by-ruitdi 
ace, fur carriage- ruad«, 30 feel ; for borae-ruada, 8 feet ; and 
fur fuDt-palliE, 6J feel.* 

Ttlfurd'i llnlyheiul road, » iniKlel road Tot a hilly counlrj', 
has Ihe fullDwiag widlb ia the clenc within the fences : 33 feel 
on flat gcnund ; 38 feci when (here ore Bide-cuitini;* leas than 
three feet deep ; and 33 feel along sleep ground and precipieea. 
The Vailed Stales Nalianal or Cumberland road hat 80 
feet in widlh cleared, but ihe road itself ia only 30 feet. 

The bniken-alone road between Albany and Tmy ia 33 feet 
wide, besides iwo aidesvalks of B feel each. 

The ■' Third Avenue'! of Ihe cily of New York is 00 Ael 
widf belween the sidewulks, each of which occupies 3D feci : 
96 feel of iis middle are stoned. 

Broadway, New York, is RO feet wide between the houaea, 
of which 19 feet on each side are occupied by ihs fnol-pare- 
menls, leaving 49 feel for ihe carriage-way. 
When broken-alone roads are adopied, il is usual, for 
llie sake of a saving in the first cost, lo make only a cei- 
tain widtii or "causeway," in liie middle of tlie road, of 
ihe harder material, and lo form the aides, or " wings," of 
ihe natural earth, (or of broken stone, if the causeway be 
a pavement) which will be preferable in summer and for 
light vehicles and horsemcn.t Sixteen feel for the mid- 
dle and twelve for the sides is a common proportion. 

If the stuned part be niitde narrower than just wide eunugh 
for two carriages lu pass upon it, it should be made only wide 

» Roads und Ruilroads, p, 73. 

t A serious objection lo Ihia plan is, that Uie wheels which crora llic 
load, and are alleriiiitcly on the ulaae and on Ilie eurlh, will deposite rurlh 



4b WHAT ROADS UVGUT TO BB. 

enough for one ; for any intermediate width will be a watte of 
all the surplus beyond what one requires. 

If the road is to he made wider than two vehicles reqoire» 
(which strictly is only 13 feet) it should be enlarged at ooee to 
83 feet ; for any intermediate width will cause unequal tod ex- 
cessive wear, and therefore be false economy : an unexpected 
conclusion, which results from an investigation of Gayffier, 
pages 184-8. 

it would be preferable to place the harder material on 
the sides of the road, instead of on the centre ; for the 
drivers of hea\ily-laden vehicles will generally keep them 
on the sides ot the road, so that they can walk on the foot- 
paths ; and if this part be not of the hardest material, it 
will soon be cut up and rutted by the heavy wagons fol 
lowing each other in the same track.* 

SHAPE OF THE ROAD-BED. * 

In forming the road-bed, or travelled part of the road, 
the first and most important point, in aflat country, is to 
raise it above the level of the land through which it passes, 
so that it may be always perfectly free from water; a 
precaution which is one of the most essential requisites 
for keeping a road in good condition. Roads are often 
placed in a hollowrway, (or even a trench is dug, when 
better materials are to be added) and their surface is 
allowed to remain so low, that they form excellent gutters 
to drain the adjacent fields, at the expense of the comfort, 
labor, and time of all who travel them. Even the best 
ditches cannot always secure them from the land-springs, 
(which will sometimes pass under the ditches by fissures 
which form inverted siphons) and the only efifectual means 
will be the raising of the surface by an embankment of 

• Pamell, p. 129 



To ll e d tcl eB should 



cs abl abed he 
a leng ) o Is 



■two or ill ee I t Tl c ei 
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Though ra nd d by h h au ! 3 e y 

I faulty, in conaequen e of si pe no be ng un form 
I (the propo n b e as and e ed s s na an ly 
I changini;) and giving too little inclination near the middle, 
i and too much at the aides. From this peculiarity the 
I following evils result ; — 

1. The water stands on the middle of the road, and 
^washes away its sides. 

, II is worn down very unequally : for all carriagea, to 
|nM>id the danger of o'-nrlurning on tlie steep aides, will 
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take the middle of the road, which is the only part of n 
where they can stand at all upright ; while the road ouglit> 
on the contrary, to be so formed as to induce vehicles to 
traverse it equally and indifferently in every part. 

3. This excessive travel on the middle soon wears it 
into ruts and holes, so that more water will actually st^nrl 
upon such an originally convex road thai: on one reascn 
ably flat. 

4. When carriages are forced to travel on the sides^ 
they cause great additional wear to the road, from their 
constant tendency to slide down the sides, owing to tho 
oblique angle at which the direction of gravity meets the 
surface. 

5. As this sliding tendency is at right-angles to the line 
of draught, the labor of the horses and the wear of the 
wheels are both greatly increased. 

6. Whenever vehicles are obliged to cross the road, 
and mount the central ridge, they must overcome the 
same resistance of gravity, as when they are drawn up a 
longitudinal hill. 

The best transverse profile for a road on level ground, 
is that formed by two inclined planes, meeting in th«^ 

Fig. 5. 




centre of the road, and having their angle slightly rounded 
by a connecting curve. The inclinations thus formed will 
be uniform, and the road will thus escape most of the 
evils incident to the curved profile. 

The degree of inclination of these planes will depend 
on the surface of the road ; being greatest where the roai 
18 rough, and lessening with its improvement in smooth- 
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I ness. Il may also be somewhat tcis on a narrow road 
|B8 the water wil! bavc a less distance to ptias over. Its 
I maxiinum u limited by the inconvenience wiiicli ati ex- 
icesstvc transverse slope would cause to carriages. A 
L proper medium for a ruad wiili a, broken-slona surface, is 
' 1 in 24, or half an inch to a foal. Telford, in bis Holy- 
head road, adopted 1 in 30, or 6 inches crown in a road 
of 30 feet ; and McAdam 1 in 36, and even 1 in 60, or 3 
itichea in a 30 feet road. On a ruugb road tlieinclinaliiin 
' may be increased to I in 20; and diminished on a road 
t'pared with square blocks to I in 40, or 1 in 60. 

Up 10 these limits the transverse slope slioukl incre.ise 
Willi the longitudinal slope of the road, which il should 
' always exceed, in order to prevent the water running 
too far down the length of the road, and gullying it out ; 
f fox the water of rains runs olT from the middle of a road 
I in the diagonal of a rectangle, the sides of which are pro- 
portioned to the steepness of the two slopes, longitudinal 
■atid transverse. 



igle becomes a squire, 
sta makes un an^le of 



If these slopes be equal, tlie recta 
and lliB direciion of the escaping wal 
4S° wilh ihe (lirectjnn of i)io road. 
If the trHnsverse slope be double the 
loDsiiuilLnal, the waters in iheir di- 
■gona) course mahe an anglti of G3p 
with the road, as in the figure. If 
llie road be level lungitudiaally, they 
run offat right angles. 

On 8 steep side-hill, the transverse profile should be a 
rsingle slope, inclining inwards from the outer edges of the 
kiload to the face of the lull. The ditch should be on ihe 
^Mde of the hill, and ils waters be carried at proper inter- 
[ Vala under the road to ils outside This form is pariicu- 
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larly advantageous when the road curves rapidly arouiid 
the hill, since it counteracts the dangerous centrifugal 
force of the vehicles. It may, therefore, be also adopted 
on the curves of a road in embankment. 

Through villages, where space must be economized, 
and the side ditches dispensed with, the middle portion 

Fig. 8. 




of the road is madd to descend each way from the centre 
as usual, but the sides slope upwards towards the houses. 
Two furrows, or shallow water-channels, are thus formed, 
which should be paved to a width of two feet on each 
side of their middle. This form may also be used on a 
hill-side. 

A frequent, but very bad shape, is hollow in its middle, 
in which the waters run. Its faults are, that carriages 
slide down towards each Fig. 9. 

other, especially in frosty 
weather, and that the 
large stream in the mid- 
dle washes away the road. It should never be used ex- 
cept when the width is greatly contracted, and when it is 
absolutely impos^sible to obtain room for ditches. 




FOOTPATHS, ikc. 

Un each side of the carriage-way should be flat mounds, 
raised six inches above ihe road. Sods, eight inches wide 
and six inches thick, should be laid against these mounds in 
such a manneraa to form a sloping edge. The water which 
falls on ihe surface of the road runs along the bottoms of 
these sods, in the " side channels" formed by ihem, till it 
passes off under the mounds into the ditches. These 
mounds, in a great road of tliirty feel width, should be aix 
feet wide, and ihcir surfaces should be inclined 1 inch in 
a yard. One of them siiould be covered with gravel for 
a footpath, and the other be sown with grass-seed. Their 
general adoption would greatly increase the safety of night- 
travelling, the accidents in which often occur from running 
on high banks or into ditches. They are not higli enough 
to overturn a coach wJien one wheel runs upon them, but 
they indicate at once that the carriage is leaving tlie road. 
Outside of the footpaths should be fences, (or hedges, 
where the climate will permit) and outside of the fences 
should be the ditches. These mounds, ditches, &c.. are 
I shown in Fig. 3. 



The drainage of a road by suitable ditches is one of the 

most important elements in its condition. All attempts at 

improvement are useless till the water is thoroughly got 

rid of, and a bad road may often be transformed into a 

I good one, by merely forming beside it deep ditches, suflS- 

Iciently inclined to carry off" immediately ail the water 

which falls upon it. Even if the water does not stand on 

I the surface so as to form mud, if it filtrates from the 

higher land beside it, and from springs under it, and is not 
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well drained off, it will weaken the substratum of the road 
80 as to render it incapable of bearing lieavy loads, and 
will be absorbed into the upper stratum by capillary attrac- 
tion. If the road have a covering of broken stones, the 
water penetrating into it makes them wear away very rap 
idly by assisting the vibrating motion of their fragments, 
as lapidaries grind down the hardest stones by their own 
dust, with the aid of water. 

The ditches should lead to the natural water-courses of 
the country ; and should, if possible, have a minimum slope 
of one in a hundred and twenty-five, corresponding with 
the '* minimum slope^' of the road, though less will suffice 
if the bottom be truly cut and kept free from grass. They 
should generally be sunk to a depth of three feet below 
the surface of the road. Their size will be regulated by 
their situation, being greater where they intercept the wa- 
ter from side-hills rising above the road, and also where 
the country is humid. A width of one foot at bottom, 
with side-slopes depending on the nature of the soil, will 
generally suffice. In wet soils the ditches should be so 
wide and deep, that the earth taken from them may be 
sufficient to raise the bed of the road between them three- 
feet higher than the natural surface. 

There should be a ditch on each side of the road on 
level ground, or in cuttings, and on the upper side of the 
road, where it is on a hill-side. The water from the side 
channels must be carried into these, and the contents of 
the ditches must pass under the road to the natural water- 
courses by means of drains, culverts, &c., as will be ex- 
plained in Chapter III. under the head of " Mechanical 
Structures." 



BIDE-6L0PES. 



BIDE-BLOPES OF TRE CUTTINOS *SD FIUJSOS. 



These are di'sigQuted by the ratio of the Imse to Hie 
perpeadiciilar df the right-aogk-d triaogk', of wbicJi liii; 



is \ 



I slope is the hypothcDueo, the base being always named 
I first, and ttit^ perpendicular being the nnil of meaeure^ 
'llias, if a cutting of ten feet in depth goes out twenty 
' foet, as in the figure, its 5lopt^ is said to be 2 to 1; if it 
I goes out bat live feet, it is said to be | to 1. 

The Slopes of Cuttings or Excavations vary with the 
nature uf the soil, being made for economy as sleep as 
its tenacity will permit. Solid rock may be cut vertically, 
or at a slope of { to 1 . Common earth will stand at 1 to 
or at 1 1 to I ; the latter is safer. Gravel requires 14 
I .to 1. Some ciaya will stand at 1 to I ; while some, 
originally sloped 2 to I, have slipped till they have as- 
sumed a slope of 6 to I. The proper degree of slope is 
I best determined by observing that at which ihe earth in 
' question naturally stands. Heavy clayey earlh will as- 
sume a slope of f to 1, and very fine dry sand of nearly 
3 lo 1 ; these are the extremes in ordinary cases. 

Deep cuttings sliould not, however, be made with less 
I slopes than 2 to I , (even though ihcy would stand sleeper) 
J so that the sun and wind may freely reach the road to 
I Jteep it dry. The south side of excavations may be made 
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Fig. 11. 



even 3 to 1, when the extra earth can be profitably used 
in a neighboring embankmeLt. 

When the lower part of a cutting is in rock, and has a 
steep slope, and 
the upper portion 
in earth has a 
much flatter one, 
a wide " bench," 

or offset, shoukl / 

be made, where 
the change of 
slope takes place. 

The following Table shows the angle with the honzon 
made by slopes of various proportions of base to height. 




Slope*. 


Angleaw 


i to 1 


75° 58' 


i to 1 


63° 28^ 


} 40 1 


53° 8' 


1 to 1 


45° 


l\ to 1 


38° 40^ 


1| to 1 


33° 42^ 


1| to 1 


29° 44^^ 


2 to 1 


26° 34^ 


3 to 1 


18° 26^ 


4 to 1 


14° 2' 


5 to 1 


11° ly 


6 to 1 


9° 2T 



Fillings or Embankments have less variety than cuttings 
in the nature and condition of their materials, and there- 
fore hare less variety of slope, which s usus ly 1| to 1, 
or 2 to 1 ; though some clays (which should, however, 
never be employed, if their use can be avoided) require 
3 or 4 to 1, when more than four feet high. 



EIDE-SLOPEa. 



Rj. 12. 




Tlie cuBlomary form of ihe sids-slopcs of cultings and 
fillings — llial of an indined plane — is not llie fonn of 
most perfect equilibrium and stability. To secure this, 
the slope may be sleep near its lop, wilh ils upper angle 
lounded off, but must widen out at its bottom, where the 
pressure is the greatest. This is the natural face wliici) 

tan eicavsiion assumes when left to itself, as shown in 
the figure. Its top, or salient angle, becomes convex ; 
and its bottom, or re-entering angle, ts filled up into a 
concavity, thus forming a curve of contrary flexure. If 
side-slopes were originally formed into this shape, they 
would be much more permanent, and the elements, rain, 
gravity. Sic, would then work with man, and assist the 
labors of art, instead of destroying them, as when the 
usual form is employed. This curve of atabiliTy is more- 
over that of beauty, coinciding wilh Hogarth's " line of 
grace." 

This plan is not known to have been ever put into 
practice, ihough the walls supporting a bank, particularly 
for a quay, are sometimes made concave outwardly; and 
the dam of the Crolon Aqueduct has, for its outer profile, 
somewhat such a curve as has been above recommended 
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4, WKAT ROADS OVOST TO BB AS TO TMEXR SURFAOK 

QUALITILJ DESIRABLE. 

The surface of a road ought to be as smooth and as 
HARD as possible, so as to reduce to their smallest possible 
degree the resistances of elasticity, collision, and friction. 

Smoothness is not only essential to comfort, but even 
more so to economy of labor, of carriage-wear, and of road 
wear. Carriages passing over a smooth road are not only 
drawn more pleasantly, and with less exertion of animal 
strength, but also do much less damage to the road, than 
when it has hollows into which the wheels fall with the 
momentum of sledge-hammers, each blow deepening the 
hole and thus increasing the force of the next blow. 

Hardness is that property of a surface by which it re- 
sists the impression of other bodies which impinge upon 
it. It is essential to the preservation of smoothness, ex- 
cept in the case of elastic surfaces. 

RESISTANCES TO BE LESSENED. 

Elasticity, — A road may be perfectly smooth, both be- 
fore and after a vehicle has passed over it, but if it sink 
in the least under the passage of a wheel, this yielding 
presents before the wheel a miniature hill, up which the 
vehicle must be raised with all the loss of power demon- 
strated on page 32. If the depression were one inch, and 
the wheel four feet in diameter, an inclined plane of 1 in 
7 would be formed, and one-seventh of the entire weight 
would need to be lifted up this inch. A road surface of 
caoutchouc, or India-rubber, of the most perfect smooth- 
ness, would therefore be the worst possible for traction, 
diough very pleasant for passengers. The wheels would 
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Always lie in depressions, and ihe borses would be always 
pulling up hill. An elastic boitom for a road, such as 
a lioggy substralum, would for tiiis reason cause great 
waste of draught. A solid, unyielding foundation is 
Uicrefore one of the lifst requisites for a perfect road. 

Collision.- -The resistance of collision is occasioned 
Ity the hard protuberances, inequalities, stones, and other 
louse materinls of a road against which the wheels strike, 
with great loss of moinenlum and waste of llie power of 
dtaugiil ; for the carriage must be hfted over them by the 
leverage of the wheels. It is, therefore, most important 
that such obstacles should be as few and as small as poft- 
aiblc, Ihe resistance being proportional to their size, as 
ipiMars in the investigation which follows. 

The power required to draw i wheel over ■ stone or any obsta* 
cle,aucliaii S in the figure, may belbuaealeuUied. Lei P repre- 
sent the power sought, 
or thai which wuitid 
just balance the weight 
on the point or Ihe 
Blone, and the slightest 
iocreaieorwhich would ._..f... 
draw it oi 
power acts 

tectioB CP with the 
leverage of BC or DE. 
GrBTily.represenled by 
W, resisis in the direetion CB wilh the leverage ofBD. Tba 
equation of equilibrium will be P X CB = W X BD, whence 
%/CD' — BC" 



Fig. 13. 




:^W 



CB 



:W- 



CD 



-XB- 



Lcl Ihe radius of the wheel = CD — 26 inches, and the 
beighl of the obstacle — AB — 4 inches. Let Ihe weight W 
= 600 lbs., of which 200 lbs. may be the weight of the wheel, 
and :]D0 Iba. the load on the ai^Iu. The formuU then becotnee 




The pn» 

■ute al llie point D is (ompounitBil (if the treiglit ind the 

power, ftnd eqii»l» W — -- = SOO X — — 591 lbe.,ainliherefo:o 

acU with this greul etfer.l to destroy (he rood in ill cotliwoa 
with the stone, in addiiion to it* force in deAcsniting frDiii it. 
For minule accuracy, the non-hurizontiil diccclion of tba 
draught, and the thicknesa of Ihe axle, should b« taken Intii 
the account. 

The power required is lewened liy proper Bprioge to Yohi- 
cles, by enlarged wheels, and by making the tine of draugbl 
Dec ending. 

The reiistsnce produced by the hullowt between the atones 
of a piTcmenl ia of a different nature. According to tlia in. 
*eatigations of M. Geratner, Iha reeiatance arising from BHcb 
a aurface ia directly proporlioual to Ihe load, to ihe square of 
the Telocity, and to the ratio of the width of the eavily lo the 
ladius of the wheel -, and inieiaely proportional lo the width 
of the paving alunea. 

Friction. — The rcsislance of friction arises from the 
rubbing of the wheels against the surfaces with which 
they come ia contact, and will always exist, however the 
surface may be improved. Its two extremes may be 
seen on a road of loose gravel, and on a railroad. It ia 
greatly increased when ihe surface is covered with mud, 
or other loose material, into which the wheel may sink, 
and thus give a wider contact. The degree in which 
il J3 influenced by the surface, may be shown by rolling 
an ivory ball successively over a carpel, a fine cloth, a 
smoulli floor, and a sheet of ice ; the distances to wliich 
the same force will impel il over these surfaces increasing 
in the order in which they have been named. 

The surface of a road may be improved by the various 
methods of diminishing the frictior to be examined in 
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Chapter IV,, such as " Macadamizing" llie road, or cov- 
ering ii with a layer of finely broken slouea ; paving wilh 
BmooUi atone blocks; covering will) planks; or laying 
wheel-tracks of stone, wood, or iron. 

The friction on all ihese surfaces is different, and can 
be determined only by experiment. The inslninicnt used 
fur measuring it is called a Dynamometer. It resembles 
in principle and general construction llie " spring-balan 
ces" in common use, in which the application of a weight 
compresses a spiral spring, the shortening of which, as 
shown by a properly graduated scale, indicates the 
amount of weight applied. In the dynamomeier the 
power takes ihe place of tlie weight of the spring-balan 
one end of the inslrumcnt being coTmecied with ihe 
carriage, and the other witii the horses, and the force 
vhich ihcy exert to overcome the friction being shown by 
the index. 

Sir Jcihn Macneill has ^reatlj' improvsd the inBlrument, by 
adapling to ll a piston working in a cylinder full of oil, which 
lessens the vitiralions of the index, and enables jls iQdii:aliona 
to be read will) more ease and precision. He lia,s also added 
to it a contrivance for making ihe insirumeni ilself record tha 
degree of force e.terted at each moment of motion. It likewiaa 
registers the distance passed over, and the rises and falls of 
the road." 

This Taluable instrument affords a means of ascertaining 
the exact power required lo draw a carriage orer any line of 
Toad ; it will ilius enable one line of road to be compared with 
another, and their precise amount of difference in case of 
draught, 10 he determined; it will show the comparatire value 
of the different methods of improving llie surface; and it will 
enable a registry lo be kept from year to year of the state of a 
rood, showing where and how much it has improved 01 do* 



• For a full description of til 



t, s« ParmU, pp. 337-34T. 
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teriorated, and therefore how judiciously, or the contrary, the 
funds expended on it have been applied. 

The following are the results of experiments made with this 
instrument on various kinds of road. The wagon employed 
weighed 31 cwt., and the resistance to draught was as fol- 
lows : — 

* On a gravel road, laid on earth — ^per 31 cwt., 1471bs.= ^ 

* On a broken-stone road, ** ** 65 = j'^ 

* ** on a paved foundation, " 46 =z -^ 

* On a well-made pavement, ** 33 = ^y 
f On the best stone track- ways, per gross ton, 13^ == y|| 
X On the best form of railroad, " 8 = jl^ 

From the above experiments we infer, in round num- 
bers, taking the maximum load on a gravel road for the 
standard, that a horse can draw — 

On the best broken-stone road, 3 times as much, 
On a well-made pavement, 4} times as much, 

On the best stone track-ways, 1 1 times as much. 
On the best railways, 18 times as much. 

Poncelet^ gives the following relations of the friction to 
the pressure, for wheels with iron tires rolling on different 
surfaces : — 

On a road of sand and gravel, ^ 

On a broken-tone road, \ I" ~"''"»jy condition, A 

' I m perfect condition, f^ 

c at • walk J^r 

On a pavement in good order, ) „• - *j.q* ' Y 

On oak planks not dressed, ^ 

The most complete series of experiments upon the friction 
of vehicles have been recently made by M. Morin.\ Some of 
the most important results are given below, in a tabular form. 
The fractions express the relation of the force of draught to 
the total load, vehicles included. 

• Famell, pp. 43, 73. t Ibid. p. 107. 

X Leoount, p. SI 9. f M^canique Industrielle, p. 507* 

II Aide-M^moire do M^cauique o. 337. 
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CHARACTEH OF TH8 VKHICLB. 1 


.... 


3 


H*^^) 


..fsre. 


New road, covered 

Willi gravel five 
inches thick. 


■/, 


» 


t 


i 


Solid causeway of 
earlh, covered with 
gravel l)in. thick, 


A 


A 


A 


A 


Causeway of earth 
in very good eon- 
dition, 


^ 


A 


A 


A 


Oaken platform, 


A 


A 


A 


A 


Broktn-sloM road. 
Very dry and smoolii, 
Moist or dusty, 
With rulB and mud, 
Deep ruts and thick ) 
mud, \ 


A 
iV 
A 


A 
A 
A 
A 


W.H. 


TW. 


•K^ 


™. 


A 

A 
A 
A 


A 
A 


A 
A 
A 
A 


A 

i 

A 


?"'"«. U'„V, 


A 

A 


s 


t 


A 

A 


A 
A 


s 



From the above table it is apparent how important is 
the condiiion in wliich the best-made road is kept, and 
how greatly the tabor of dntugiit is increased by mud or 
dust on its surface. The character of the vehicle is also 
seen to have great influence on the degree of friction. 

The principal general results, deduced by M. .Morin 
from the elaborate experiments above referred to, ara 
given on the following page. 
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DBD0CT1ON8 FROM MORIN's EXPERIMENTS. 



1. The resistance, or " Traction,*' is directly propor 
tional to the load^ and inversely proportional to the diam- 
eter of the wheel. 

2. Upon a paved, or a hard Macadamized road, the re- 
sistance is independent of the width of the lire when it 
exceeds from 3 to 4 inches. On compressible roads, the 
resistance diminishes when the breadth of the tire in- 
creases. 

3. At a walking pace, the traction is the same, under 
the same circumstances, for carriages with springs^ or 
without them. 

4. Upon hard Macadamized and upon paved roads, the 
traction increases with the velocity; the increments of 
traction being directly proportional to the increments of 
the velocity, above a speed of about 2} miles per hour ; 
but it is less as the road is more smooth, and the carriage 
less rigid, or better hung. 

5. Upon soft roads of earth, or sand, or turf, or roads 
freshly and thickly gravelled, the traction is independent 
of the velocity. 

6. Upoa a well-made and compact pavement of hewn 
stones, the traction at a walking pace is not more than 
three-fourths of that upon the best Macadamized road' 
under similar circumstances : at a trotting pace it is equal 
to it. 

7. The destruction of the road is in all cases greater as 
the diameters of the wheels are less and it is greater in 
carriages without than w'th springs. 



(OST AND REVENUE COMPARED. 
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A minimum of expense is, of course, liighly tlesirablc j 
but the road which is truly cheapest is not the one which 
has cost the least money, but the one which makes the 
most profitable returns in proportion to the amount which 
has been expended upon ii. 

To lessen the cost of the conslniclion of a road, while 
striving lo attain llie attributes which we have found lo be 
desirable, we should endeavor to avoid ihe necffsity ol 
making high embankments, or deep excavations, or any 
rock-cutlings ; the cnllings through the hills should just suf- 
fice to fill up the valleys crossed ; the line of the road should 
be carried over firm ground and such as will form a good 
surface if no artificial covering be used ; or if it is to be 
Macadamized, it should pass near some locality of good 
stone ; and it should be so located as to require but few 
and small mechanical siructures, such as bridges, culverts, 
retaining walls, ice. 

rOMPASlSON OF COST AND REVENUE. 

The more nearly, however, the road is made lo ap 
proximate towards " what it ought to be," the more diffi- 
cult will it be to satisfy the demands of economy. Some 
medium between these extremes must therefore be adopt- 
ed, and the choice of it must be determined by the amount 
and character of the traffic on the road which it is pro- 
posed to make or to improve. For this purpose an accu- 
rate estimate is to be made of the cost of the proposed 
improvement, and akn of the annual saving of labcr in 
the carriage of goods and passengers which its adop'ion 
will produce. If the 'alter exceed the interest of the fcr- 
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mer, (at wliatever per centagc money for ihc investment 
can be obtained) then the proposed road will he *^ what 
it ought to be as to its costP From these consideraliuns 
it will appear that it may be truly cheaper to expend ten 
thousand dollars per mile upon a road which is an impor- 
tant thoroughfare, than one thousand upon another road in 
a different locality. 

'* How to estimate the cost ot a road" will be considered 
at the end of Chapter II., which treats of its " Location." 
Under the present head, we will examine how we may 
estimate the probable profits of a road, and from the com- 
parison of the two estimates determine how much the 
projectors of an improved road would be justified in ex 
pending upon it. 

AMOUNT OF TRAFFIC. 

Let us suppose that it is proposed to improve a road m 
any v ay, whether by Macadamizing its surface, by short- 
ening it, or by carrying it around a hill which it now goes 
over. The first point to be ascertained is the quantity 
and rature of the traffic which already passes over the 
line. This may be most accurately found by stationing 
men to count and note down all that passes in a given 
time of average activity ; and from a sufficient number of 
such returns, well classified, deducing the annual amount. 

COST OF ITS TRANSPORTATION. 

The cost of conveying this amount of traffic is next to 
be calculated. To simplify the question, we will neglect 
the gain in speed, and consider only the saving in heavy 
transportation. Assume that over the road, thirty miles 
in length, 60,000 tons of freight are annually carried, amJ 
that the average friction of 'ts surface (as determined by 
a dynamomctf'r) is j'^ of the weight. The annual force nf . 
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dnugfiE required U tberefnre 2500 tons, or 5,000,000 lbs. 
ir the avcrag;e power q{ drauglit of a liorae at 3 miles an 
hour for 10 hours a d/iy be taken at 100 lbs.,* there would 
000,00 

"Too" 

per hour. At this rate they would Iraverse llie road in 
10 liour!', or a working day, and the total amount of labor 
would equal 50,000 days' work of a horse, or 837,500, 
taking 75 cents for the valac of one day's work, 

PROFIT OF IMPROVINO THE SURFACE. 

JSiippose now that ihe road is to be macadamized, or 
planked, or in any way to have the friction of its surface 
reduced to j',. The total force of draught will ihen bt* 

~ '^^5^^°°" ^ 2,000,000 lbs. = 20,000 liorse power, at 
3 miles per hour, for 30 miles, or 1 hours = 20,000 days' 
work of a horse, Tliis is a saving from liie former amount 
of 30,000. Taking the value of the day's work of a horse 
at 75 cents, 822,500 would be llie actual saving of labor 
m each year, by the improvement proposed, which amount 
the carriers could afTord to pay, (either in lolls, or in ma- 

■ The power of a liarso at diOereiit velociliei is very variable, and, In 
>^te or raw\y eiperiments, is not yet aecerUinr^l with Ihe preciaion do- 
nirahlo. Tlio usual coiivenllonal nsauniptlou lis ISO Iba. moved 30 mile* m 
day Bt llie rale a! SJ miles per liour. Tills ie eqiilvnieiit la Walls' lionw- 
power of 33,000 lbs. rained 1 foot Id 1 nilnum. Tredgold'i eiperimpnU 
give 195 tbs. moved 90 miles a day at S^ miles per hour. Smealon givn 
100 Ibti moved at same rate ; and Haclietlo l»\i Ibc Mumerous careful 
experiments on au Eiigllsli railway (detailed In " Laws of Excavntioa 
■ud EmbaiihmE'Dt an Railways," page 105) give 110 ibs. moved \9!i 
miles per day at the rate of 34 milrs per hour. GayfliEr [page ITB) Rxea 
the power for a strong draught-horse at 143 \\s~ for 32 mites per day il 
Sj miles per hour ; and for au ordipary borse, at ISl fbs. for SS miles per 
lUy at dj miles per hour. As the speed o( a horsa increases, his power of 
dmughl diminip JOS very rapidly, till at'^st bt can only move his own weighL 



kiiij; the improvement tlicmsclves) for llieir diminished 
expendiiure on horses. If money wc^e boriowed at 6 per 
cenl., $;i75,000 would be the amount wliich couM bo 
expended in making ihe improveincnl, supposing llie data 
to have been correctly assumed. If the improvement C 
be made for any amount less than this, the diilercnce will 
be sg much clear gain. 

FKOFIT OF LESSBMNO THE LENGTH. 

Next, suppose that the improvement is only shortemng 
the road a mile, by a new location of part of it. One- 
thirtieth of the original distance, and therefore labor, is 

saved, or — ' -= 1667 days' work of a horse =$1,250 

= interest of 820,833. Add to this the amount which the 
construction of this extra mile would have cost, and if the 
proposed improvement can be made for the sum of the 
two, or even a little more, it should be at once carried int^ 
effect; for, besides the saving in the original cost und in 
the annual labor, there is also that of time, and of the for 
mer cost of repairs of the extra mile, which is now dis 
pcnsed willi. 

PROFIT OF AVOIDINQ A HILL. 

If the improvement be avoiding a kill, the resistance 
of gravity is to be compared with that of friction. Sup- 
pose that a certain road ascends a hill which is a mile 
long, and has an inclination of 1 in 10, and descends the 
other side which has the same slope, and that n level route 
can be obtained by making the road a mile longer. It is 
demanded how much may be expended for this purpose. 
Suppose that the friction on this road is j\, and [hat 
60,000 tons, as before, pLSS over it annually. Cn the 
oiiKmal road of two miles, the force of draught required 



f to OTercome friction is — ' — 
power, al 3 miles per hour, or 



X JOO 
25,000 > 



a 



- = 16,667 liours 

I horse. To over- 
clinalioD of 1 ia 10 



10,000,000 lbs. for 1 mile = 



for the S miles = 1667 days' work of 

come ihe gravity of ihc loads on the i 

50,000 X 2000 
requires 

333,333 lbs. for 30 miles = 3333 days' work of a horse. 
The descent of a mile on the other side of the hill is not 
a compensation, for a horsic will have no mure to take 
down the descent than he had dragged up the ascent. 
The total annual labor lo overcome both friction and 
gravity on these two miles is therefore 1667+3333=5000 
daya' work of a horse. 

Upon the new road proposed, there is no indinalion lo 
overcome, but an extra mile of length. The force of 
. 50,000x2000 



40 



^ 2,500,000 



draught upon it due to friction is - 

lbs. for 3 miles = 250.000 lbs. for 30 miles = 2500 days' 
work of a, horse. The saving of labor is therefore 
5000 — 2500 = 2500 days' work of a horse ^ $ 1 875 = in- 
terest of $31,250, which amount (deducting cost of repairs 
of the extra mile) may he expended in making the new read. 
These calculations havq been made for extreme cases, 
in order lo make the principle more striking, but the ad- 
vantages deduced from ihem have fallen short of the truth, 
since only the original amount of traffic has been consid- 
ered, while all experience shows that this is very greatly 
increased by any improvement in the means of transport 
particularly by the increased speed, which is an inciden- 
tal advantage which we have not taken into account. 
This increase of trafGc cannot, however, be determined 
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in advance, by mathematical calculation, though we can 
readily see from how wide a belt of country the inhabit 
ants might profitably avail themselves of the improved 
road, and will do so eventually ; but how many of 
them will at once profit by it depends on considerations 
of taste, feeling, and prejudices, which are beyond the 
power of numbers. 

CONSEQUENT INCREASE OF TRAVEL. 

To ascertain from what distances to the right or left on 
either margin, the improved road might expect to attract 
travel to itself from other thoroughfares by the cross- 
roads, the following course of reasoning may be employed. 

Let AB be a portion of the improved pjg. 14, 

road, connecting the points A and B. g 
Let C be a town connected with the 
other two points by the old unimproved 
roads CA and CB. It is required to de- 
termine whether the travel from C to A 
can with the least cost (the cost being 
compounded of time and labor) go to A 
by the old road CA, or take the old cross- 
road CB to the nearest point B of the 
improved road, and then follow the latter 
to A. 

The first point is to ascertain the ratio of improvement of 

the new road compared with the old, or its ratio of diminution 

of cost of travel. For simplicity of calculation let us call 

this ratio two. Denote the miles in AC by m, in AB by n, and 

in BC by x. The relative cost of travel over the line AC will 

n 
also be m, over BC it will be x, but 'over AB it will be only r. 

Tf. then, x + - <^i it will cost less to make the circuit 
from C to A thro igh B ; and both routes will be equal in cost 

vhen J? + - = m. In this calculation, therefore, the hypothe- 

naae equals the perpendicular and half the baso * 
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The preceding meihod will decide tlie question for any 
one place, but [he fullowing plan may be rcrtorlcd lo for 
tne purpDse of marking oui on (lie map the enlire area, 
from within which travel may be expected lo be attracted 
to make use of the improved load. 

Lei AB repre- Fig. 15. 

Knt a portion of S 

ihe improvpd \ 



pom' 



md B, 



It is rfquired Id 
fix Dig points 
C, C, D, D, so / 
thai lines drawn ~D 
from C and C lo A, : 
tribulsry area. B<J 

By the precedina i 




f AD i! 



nnd D to B. shall defiLe Ihii 
> be found in lerniaof AB; 



But b the righl-angled Iriangle ABC, 
Substituting in lirsl equation, we get 

i + ^-^/U' + T.';) 
whence is obtained tbe va.Iue, 



Therefore from A and B aet off, at right angles to AB, BO, 
and AD, each equal lo J AB ; join AC and BD ; and ihe area 
included will be thai wltiiin which it would cost less for the . 
inhabitants to use Ihe improved road, though with increased 
distance, than to pursue the direct but unimproved road.* 
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practical knowltdge, ihaa laying oul a rood" 



ir probtcm la be ptapoti k 
ertioD of ■ciralific (kill and 
'Dr. LtaoHK*, in 1836. 



The location, or laying oul, of a road, consials in de- 
termining and marking out on llie ground llioae points 
through which ihe road should pass, in order to satisfy, 
aa nearly as possible, the requirements of " what a road 
ought to be." 

These requirements, so far as they affect the location 
of a road, are, in recapitulation, as follows : 

As to direction — that the road should be as straight aa 
possible, but that straighlness should be considered sub- 
ordinate to easiness of grade. 

As to slopes — that the road should be as level as possi- 
ble; that it should avoid unnecessary undulations; and 
that its slopes should not exceed I in 30, nor fall below 
1 in 125. 

As to cost — that tlie amount of excaration, embank* 
tnent, mechanical structures, &c., should be the least 
which will make the road " what it ought to be," in refer- 
ence to the quantity of traffic upon it. 

If the country ihrough which the road is to pass should 
oe a plain of uniform snriace, a straight line joining the 
two termini, and running along the surface of tiie ground 
would satisfy all these conditions at once. In most casee 
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however, ihe ground is so uneven, hil'y, and undulatingi 
as to presenl very great difficulties in die way of a propet 
locaiion. The shortest line would pass over the tops of 
hiils and the boUoms of valleys, and would thus be often 
so sleep as to be impassable. The most level hnc would 
often increase ihc distance too much by its necessary 
windings ; as would also ilie cheapest line, which seeks to 
avoid all cuttings and fillings. It is generally impossible 
to unite all liicse requirements, and to secure all the good 
qualities and valuable attributes of the ideally perfect 
road ; and tiie best line will therefore be a compromise 
between ihem all. Great skill is consequently required 
to select the best possible line among these conflictiiig 
claims, and this skill is more often needed in our new and 
rapidly expanding country than in England and other 
long-settled regions, where the lines of all important roads 
have been long since established ; though even there 
many miles of old roads are yearly abandoned, and new 
lines substituted for them, in order to make a slight saving 
of distance, or to diminish the height to be overcome. 

Two distant points of departure and arrival being 
given, it is required to determine the best line/a' a road 

' connecting them. 

In many cases the best general route for the desired 
road can be determined with perfect certainty without 
going upon the ground, by simply examining a. map of 
the district upon which merely the courses of the streams 
are laid down. From Ihem an instructed and skilful eye 
can deduce all the elevations and depressions of the coun- 
try wiih great precision and accuracy. To do this, how- 
ever, requires a knowledge of so much of Physical Geog 

, rapby as explains the manner in which nature has di.i 
posed the Inequalities of the surface of the earth. 
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1. iiBRANaEBCENT OF HILLS, VALLE7B, AVD WATBB-00UB8B& 

Hills and valleys al first glance appear to the ignorant, 
and even to the better informed, to be utterly without 
system, order, or arrangement ; but they have in reality 
been disposed by nature with a great degree of symmetry, 
and their forms and positions are found to be the result 
of the uniform action of natural laws, and to be capable 
of being traced out and understood with comparative 
ease. 

Hills being the great antagonists and natural enemies 
of the road-maker, he must endeavor to find out their weak 
points, and to learn where he can best attack and pene- 
trate them, and most easily overcome their opposition to 
his improvements. Water-courses being his guides and 
chief assistants, he must study their habits and principles 
of action,' and learn what are the causes which produce 
their seeming vagaries of direction. 

Hills are most usually found constituting chains^ or 
ridges, though sometimes collected in groups, and at 
others detached, or isolated. The chains are usually 
made up of several parallel ranges, and often send forth 
branches or spurs in transverse directions. Sometimes 
they are merely the slopes of a table-land in which their 
summits merge. To form a proper conception of a range 
of hills, imagine in the midst of a plain an elongated mass 
of the form of the roof of a house. The two faces of 
this represent the slopes of the range ; their intersection 
is the ridge, their bases are xh^feet, the distance from one 
foot to the other is the breadth, and from one extremity to 
the other the length ; the vertical elevation of the ridge 
above either foot is its relative height^ and above the sea 
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its ahaolute height. All water nliich falls upon the slopes 
descends thence b a v ell-defined track wliich corresponds 
with the line of greatest slope, the direction of which it is 
llierefurc important to determine. 
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If the ridge AH of a A a ■ 

nnge of hills be hnrlsontal, A \ A 

■nd its oppoeito slopes in- / \ \ / \ 

dined planes culling each V \ i 

other in thit hnrimnlal line, 

B spherical huily, allowed lo rull down freely from any puinl 
C of ihe ridge, will descend in ihe line CD ai right angles to 
the homuntal line AB ; this line CD being its nearest pos- 
•ible approiuih to Itie vertical line in which it tends to mora 
in obedience (a the law of gravity. CD is therefore the line 
of greatest slope, and consequently of quickest descent. It ii 
this line whiiili water tends to fullow in its search for the short- 
est path of deacenl. pig. 17. 

If the tU^e AB be in- ^ 
dined, (he palb down which 
the sphere will rull is nu 
longer CD at right angles 10 
AB, but annther line CF,, 
diverging in the diremion of 
the slope of ihe ridge. T>. 
determine its precise posi- 
^on, from any point C, Fig. 
]8,letfa!!avertica!IineCV, 
and, from any point V nflhis 
Tortical, raise a perpendicu- 
lar to ihe plane of ihe slope, 
meeting it in E. Draw CE, 
aed it will be the line of 
frealest slope required ; for ' 

ft is at the least possible distance from Ihe 
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I1ie same result might be otherwise obtained by raiting at 
C a {)er|>pn(liriilar to the plane of the slope, and from any point 
tliorein letting fall a reitical line, which will intersect the 
slope at some point K, which is to be joined to C as before. 

When I he slopes are not planes, the const ructions are more com- 
plicated, as the '* lines of greatest slope" then become curves.* 

The waters which have fallen upon the mountain-tops 
from time immemorifil, have hollowed out for themselves, 
or have adopted for their passage, channels which follow 
the lines of greatest slope, whose directions we have just 
investigated. In descending the slopes of a range of hills, 
they thus form ** principal" valleys, the directions of which, 
as we have seen, are perpendicular to the ridge when it is 
horizontal, and, when it is inclined, share its general in- 
clination. These streams thus divide the range or chain 
into ramifications or branches, having approximately the 
same direction as themselves. The line in which the 
opposite slopes of two of these adjoining ** branches" in- 
tersect each other, and which thus marks out the lowest 
hne of a valley, is called a thalweg.^ Tlie foot of one of 
the opposite slopes which enclose a valley is generally 
parallel to the foot of the other in all its sinuositues, a 
projecting point of the one corresponding to a receding 
cavity in the other. This symmetry is, however, some- 
times replaced by alternate widenings and contractions. 

The main ridge is cut down at the heads of the streams 
into depressions called gaps, or passes ; the more ele- 
vated points are called peaks. They are respectively the 
origins of the valleys and of the branches on both sides of 
the principal slope. In the gaps are often found swamps, 

• Gayffier, p. 3. 

t A German word, (signifying " the road of the valley^') which has been 
naturalized in the French language, and might be conveniently added tc 
our snginoering yocabulary in English 
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fed by ihc rain which falls on the peaks between wli 
tliey lie. In iliese the streams lake [heir rise, and ihcnc; 
run in contrary dircclions down llie opposite slopes of ihe 
ridge. The iniermediaie poinl, from wliicli ibey slart and 
diverge, is called ibe cutminalitig point of the p;ia3. 

Thus the " Notch" of the While Mountains is the " cul 
minaling point" from which diverge the Saco and the Am- 
monoosuc, the one emptying into Long-Island Sound and 
ibe other into the Atlantic. So, too, from the various cul- 
minating points in the Alleghany chain, streams run, on 
the one side towards the Atlantic, and on the other to the 
great lakes and to the Mississippi. From the culminating 
points of the Rocky Mountains, the slightest impulse would 
turn the nascent stream either into the head-waters of the 
Missouri and thence into the Gulf of Mexico, or into the 
head-waters of the Columbia and thence into the Pacific 
Ocean. The same phenomena, on a miniature scale, are 
repealed on every ridge after every shower. 

A river of the largest class marks the lowest points (or 
the thalweg) of a "principal" valley. On each side of it is 
a bounding ridge, which is itself pierced by " secondary" 
valleys, through each of which runs a stream of less mag- 
nitude, ita waters emptying into the first-named river, of 
which it is a tributary. The ridges which form the val- 
leys of each of these lateral streams are iib their turn fur- 
rowed by valleys of the third class ; their banks by the 
valleys of streams of siill less importance ; and so on. 

The " principal" valley is a trunk, from which, and 
from one another, the lesser valleys and streams ramify, 
hke the branches of a tree, or like the veins of the body ■ 
meeting it at angles approaching more nearly to a right 
angle in proportion as ihe ridge of the slope which they 
furrow approaches to a 1 orizoiilal line. 
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Fig. 19. 




INFERENCES FROM THE WATER-COURSES. 

We thus see how an accurate map of the streams of any 
district may enable us to deduce from them the position 
of the valleys, their lowest points, and the lines of greatest 
slope ; for with these the water-courses coincide. The 
position of the ridges which form the valleys is a necessary 
corollary, as well as their lines of greatest slope. 

Having determined these, we can profit by the follow* 
ing fundamental principles : 

1 . If a principal ridge is met by two secondary ridges at 
the same point, the point of meeting is a maximum of height. 

2. If a principal ridge is met by two thalwegs at the 
same point, the point of meeting is a minimum of height. 

3. If a principal ridge is met at the same point by a 
secondary ridge and a thalweg, nothing can be inferred.* 

The following examplesf show more in detail some of 
the inferences which may be drawn from the map : 

If, on any portion of a map, the Fig. 20. 

streams appear to diverge from any 
point, as A, that point must be the 
common source of the streams, and 
therefore the highest part of that re- 
gior. 

The converse is likewise true : if 
the streams all converge towards some 




* JiiUien, u. 293. 



t Mahan, p.m^ 
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poinl, as B, tfiat will be the lowest Fig. : 

Bpol of the districi embraced witii- 
in the map. 

If Iwo streams are seen to flow in 
opposite directions from the same' 
point, as C, it may be inferred tliat 
Uiis spot 13 at the head of the respec- 
tive vaileya of ihcso streams, and 
supplies them with water, and tliai It 
must be fed by higher ground beside 
r, in other words, that there is a 
ridge of hills separating the heads of 
wo streams, and that there is a 
depression or indentation in this ridge 
. at the point C, which is therefore the 
natural and proper location for a road 
I connecting the two valleys. 

If two streams are parallel to each 
[ other, and How in the sajnc general 
* direction, Uiis circumstance simply 
indicates that the ridge which divides 
iJiem has tiie same genera! inclina- 
tion and direction as the streams. 
But if any of their smaller tributaries 
p approach each other at their sources, 
I as at D, this indicates a depression 
I of the main ridge at that point, and 
I marks it out as the lowest and easi' 
I est spot for the crossing of a road, 
,3 in tiie preceding case. 

If two streams have been flowing 

u parallel courses, but at a certain 

I point E diverge from each other. 
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that spot is the lowest point of the Fv* 25 

ridi^c between them. 

If two streams arc generally par- 
allel in their courses, but flow in 
opposite directions, the low points in 
the ridge between them will still be 
shown by the approach to each other, 
as at F, of the branches or secondary 
streams ; or by the principal streams approaching each 
other at any point, as at G. 

Having thus become acquainted, by the aid of the 
map, with the principal features of the ground, we arc 
prepared to plan, if not the precise location of the road, at 
least the proper course for the preliminary exploratiom 
upon the ground. Long lines of road usually follow the 
valleys of streams, and thus secure moderate grades and 
find the lowest passes of tl)e ridges to he crossed. In this 
way the Simplon road crosses the Alps, by ascending the 
valley of the Saitine to its head, and then descending that 
of the Doveria. So, too, the Boston and Albany railroad 
finds an easy grade from Worcester to Springfield in the 
valley of the Chickapee river, and then winds through 
the mountains, up the valley of the Westfield, till it 
reaches the head^waters of the Housatonic upon the other 
side of the ridge. The Ulica and Schenectady railroad 
never quits the valley of the Mohawk. In short, all roads 
strive to avail themselves of such facilities. If they can- 
not, and if the map shows that their general course is 
transverse to the directions of the streams, instead of with 
them, it may be at once predicted that they will be steep 
in their ascents and descents, or exceedingly expensive 
in their construction. 

These principles having been established, and all pos- 
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Bilile infcrmalinn obtained from ihe map, ihc Reconnaia 
sance may be cummcnccd. 



SL SHOOKIf AISSAITOB. 

This is a rapid preliminary survey of tlie region through 
which the road is to pass, and Js generally made by '.he 
oye alone without instruments. It is intended lo be only 
an approximation to accuracy, and to serve lo determine 
llirough what points routes should be inslrumcntally sur- 
veyed. The road-maker must examine the country, map 
in hand, visit and identify the points selected on the map, 
and see whether his closet decisions have been correci. 
He must go over ihe ground backward and forward in op- 
posite directions, for it will often appear quite different, and 
convey very dissimilar impressions, according lo the point 
from which it is viewed. Tlius, a hill which one is de- 
scending may seem to have a very easy slope, while it 
may appear very steep to one ascending it. No time or 
labor should be spared in these first explorations, as they 
will save much expense in the subsequent surveys, which 
in their turn should be thoroughly executed, to secure the 
route most economical in construction. Indeed, the sur- 
veyor should become as perfectly acquainted with the 
face of the country as if he had passed hia hand over 
every foot of it. 

Certain points, called "ruling" or "guiding" points, 
will be found, through which the road must pass ; such 
as a low gap in a range of hills, a narrow part of a river 
suitable for a bridge, a village, &c. But a road which is 
to be a thoroughfare between two places of great trade, 
should not be turned from its direct course to accommo- 
date a small town, taxing for its benefit all who travel upon 
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tlie road. " The gr^aicst good of ilie greatest number" 
is here tim ru!c. >Siill leds should individual interest be 
allowed to operate, and llie general inierest of the com- 
munity-be sacrificed to ihc convenience or caprice of a 
single person. The permanent benefits lo fii'.ute genera- 
tions should never be made subordinate and subservient 
to temporary and personal advantages. 

Between these " ruling" points, the straight line joining 
them is to be marked out. The route adopted must vi- 
brate on each side of this line, like an elastic cord, con 
liniially tending to coincide with it, except when deflected 
to the right or to the left by weighty reasons, such as the 
accidents of the ground supply. Thus, a swamp, which 
would render necessary an expensive causeway, is a suf- 
ficient cause for a wide deviation of the road to avoid it. 
The disadvantages of straight lines, which encounter and 
run over hiUs, have been explained in the preceding chaj^ 
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ter. In the accompanying 
figure the upper sketch 
shows a plan, or map- j 
view, of two roads, the 
one ACB over a hill, and 
the other ADB around il ; 
and the lower sketch 
shows a profile, or side- 
view, of the respective , 
heights of the same lines. 

When there are many small valleys or ravines, wiih 
projecting spurs and ridges intervening, mstead of making 
iho road wind on the level ground, and follow all its sinu- 
osities, as, ACCCCB, in the next figure, it will be better 
to make a nearly straight line, as ADDOB, cut through the 
projecting points in such a way that the earth dug oat 




efaull jnst siiSice to fill ihc liollaws. The gain by suviiig 
of distance may balance ihc cost of cutting and fiUiog. 



Fig, 27 
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When the route follows ihe Talley of a stream, it may 
conform to its sinuosities, if the turns are not too abrupt, 
and if the cuttings and fillings on a straighter line would 
be loo expensive, but slioitid approximate to the lailct 
plan, if the importance of the road and the funds at com- 
mand will justify ihe increased j:ost. The former pl?.ii, 
however, generally gives the cheapest and most level 
route ; and guided by this principle a blind man was for a 
long time the very best layer out of roads in the hilly re- 
gions of Yorkshire and Derbyshire, He followed the 
streams closely, and when ihey made too sharp bends, 
he sought in these arcs the straightest chords which 
passed over practicable ground. 

When a valley is to be crossed, the route should gen- 
erally deviate from the straight line ACB, (Fig, 28) and 
curve towards the head of the valley ADB, which there is 
ueu ally shallower and narrower. If it deviated inlheolliei 
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direction, ai AEB, it would 
increase the dcpili and 
width to be filled up, as is 
■liown by the correspond- 
ing profiles 

Bui sometimes the two A 
aides of the valley ap- 
proach each other at somo 
point lower down, so as 
lo render the space be- 
tween their banks narrow- ^^ 
er ihoHgl) deeper ; and if 
on meaauremenl thia area 

is found on the whole lo be lessened, so as lo require less 
embankment, the road should cross at that point instead 
of higher up. 

Another case in 
which a valley may, ^^^ 
with advantage, be ^^ 
crossed down alream, 
is when in that part 
of the valley are found 
detached or isolated 
hills and ridges, as E 
and F, which may 
cause a great saving 
of embankment, on 
the line AEFB, com- 
pared with either the 
straight route ACB, or the up-stream one ADB, as \t 
shown in the accompanying plan and profile, in which ihf *^ 
same letters refer lo corresponding lines. 

When a road is to join two places on the opposite sida 
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O^ a ridge, we can profit by ilic obsen^alion llial the 
streams, by the approach of ihcir sources, show ilie low- 
est points of the ridge ; and of ihe various passes thus 
indicated, we should choose that one, ihe valleys of the 
streams from which run as nearly as possible in ihe di- 
rection of the required line ; and that one, also, which 
has the most uniform inclination — not easy at the foot 
and sleep towards its summit, as is often the case. 

When a road is to join two p/aces situated on the same 
side of a mountain ridge, but halfway down its side, a 
straight line between them would cross, in their deepest and 
widest parts, all the "principal" valleys which run down 
from every gap. One of two other plans must then be 
adopted ; eillier to ascend, and carry llie road, with neces- 
sary windings, at ihe level of ihe culminating points of 
the gap, where the valleys have only begun to be hollowed 
out ; or to carry it at the foot of the ridge, where the val- 
leys have run out to nothing, and merged ihemselves un- 
distinguishably in ihe plain. Either plan, in spite of the 
initial and final ascent and descent, is preferable to the 
direct line. 



The respective profiles of the three plans would be 
somewhat a.'? represented in the figure, in which ACB is 
the first plan, ADB the second, and AEB the last. The 
last line is generally taken, becanse there are more inhab- 
itants Ht ihe foot of ihe ridge. It would properiy run near 
the hne of separation between the uncultivated slopes and 
the ploughed fields. 
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The location of a road is also influenced by the geology 
of a district, which must therefore be carefully studied 
This science will make known the probability of finding 
rock on cutting deep into a hill proposed to be crossed ; 
in which case the cutting should be avoided, if possible, 
by a different location of the line. It will also determine 
the dips of the strata to be cut into, the angle at which 
they will stand, and their liability to slip ; and therefore 
through which the line may best pass. If the road is to 
be covered with broken stone, or to be paved, a know- 
ledge of the locality of the best materials might cause a 
line approaching it to be preferred to one which left it at 
a distance. 

The Reconnaissance is to be made in accordance with 
the principles which have been enunciated, obtaining all 
needful information from the residents of the region to be 
examined, and the details of its general course are to be 
marked out on the ground, thus establishing " Approxi* 
mate" or ** Trial" lines. In a wooded country this is done 
by " blazing" the trees in the line selected, (removing a 
chip from their sides with an axe ;) and in a cleared coun- 
try by driving stout stakes at the most important points of 
the line, such as all changes in its direction, and in the 
slope of the ground. 

3. STJR7E7 OF A ZJNB. 

When the different portions of a proposed line have 
been thus marked out, in order to form an accurate opio^ 
ion of its merits, it is necessary to measure— 

1. Its distances. 

2. Its directions. 

3. Its heights. 
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MEAaUREHENT OF DISTANCES. 

The length of & otraight line, that is, ibe distance be- 
tween its extremities, may be approximately esiimaicd in 
' a variety of ways, without the delay of actual measure 

' roent in detail, 

Sound is a well-known means. Its velocity is 1100 
feet per second at the temperature of freezing.* If a gun 
be fired by an assislant at one end of a line, an observer 
at the other end, by counting the seconds which intervene 
between seeing the flash and hearing the report, and mtil- 
tiplying their number by 1100, can esiimale the distance 
with considerable accuracy. If he have not a walch with 
a second-hand, he can at once make a portable pendulum, 
by fastening a pebble to a string, and making it swing in 
regular vibrations, each of which will be performed in an 
exact second, if the siring be 39 J inches long; in lialf a 
second, if it be 9| inches long; and in a quarter second, 
I if its length be 2^ inches. 

This method is best adapted for considerable distances, 
n which there are good points for observation, such as 
the hills on the two opposite sides of a wide valley. 

For shorter distances, the distinciness with which dif- 
ferent objects can be seen, is an approximate guide. Thus 
the windows of a large house can generally be counted at 
the distance of 3 miles ; men and horses can just be per- 
ceived as points at about 1 J miles ; a horse is clearly dis- 
tinguishable at ; mile ; the movements of a man at 
i mile ; and a man's head is plainly visible at | mile.t 



• For each degree of Fulirenlieit 
esch degree below, sublracl one-liul; 
tbeiefore give UOD + y = 1114 feel 

t Fcomp, p. 60. 
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The Arabs of Algeria define a mile as " the distance at 
which you cnn no longer dislinguifh a man from a no- 
mnn." These distances of visibility will of course vary 
somewhat with the stale of the atmosphere, and still more 
with individual acuteness of sight, but each person can 
modify them for himself. 

For still less dislancea, an easy method is to prepare 
a scale, by marking off on a pencil what length of it, when 
it is held off at arm's length, a man's height appears to 
cover at different distances (previously measured with a 
curacy) of tOO, 500, 1000 feet, &c. To apply this, when 1 

Fig. 31. 
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a man is seen at any unknown "distance, hold up the pen- 
cil at arm's length, making the top of it come in the line 
from the eye to his head, and placing the thumb nail in 
the line from the eye to his feet. The pencil having been 
previously graduated by the method above explained, the - 
portion of it now intercepted between these two lines will 
indicate the corresponding distance. 

If no previous scale have been prepared, and the dis- 
tance of a man be required, take a fool-rule, or any meas- 
ure minulely divided, hold it off at arm's length as before, 
and see how much a man's height covers. Then know 
ing the distance from the eye to the rule, a statement by 
the Rule of Three {on the principle of similar triangles) 
will give the distance required. Suppose a man's height, 
of 70 inches, to cover 1 inch of the rule. He is then 70 
times as fai from the eye as the rule ; and if its distance 
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be 2 feel, ihat of ihe man is 1 40 feet. Instead of a man's 
faeigiil, tiial of an ordinary lioiise, of an apple-lree, Uifl 
length of a fence-rail, &.C., may be taken as lUe standard 
of comparison. 

Quite an aecurate meaauremenl of a line of ground may 
be made by walking ovei It at a uniform pace, and count- 
ing the steps. It is bcller not to allempt to make each 
of the paces three feet, but to take steps of llie natural 
length, and to ascertain the value of each by walking 
over a known distance, and dividing it by the number of 
paces required to traverse it. An average length is 32 
inches. An instrument, cailed a pedometer, has been 
contrived, which counts the steps taken by one wearing 
U, without any attention on his part. It is attached to the 
body, and a cord, passing from it to the foot, at each 
step moves a. toothed wheel one division, and some inler- 
mediate wheelwork records the whole number upon a dial. 

These methods are all approximations. For more ac- 
curate measurements a chain is employed. The usual sur- 
Teyor's or Gunier's chain, is 66 feet or four rods long, and 
is divided into 100 links; but for the measurement of 
distances only, without reference to areas in acres, a chain 
of 50 or 100 feet is much preferable. 

When obstacles are encountered on the line, rendering 
a direct measurement impossible, such as a house, a 
pond, a river, &e., resort must be had to some of the 
many ingenious contrivances to be found in the special 
treatis'is on surveying and engineering field-work. Two 
only of the best, which have the advantage of requiring 
no calculations, will be here given. 

When the obstacle is one around which we can pass, 
such -IS a house or a pojtd, the following plan may be 
adopted. Let AB be the distance required. Measure 
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from A obliquely to some point C. ^8- ^^ 

past the obstacle. Measure on- 
ward in the same line, till CD is as 
long as AC. Place stakes at C 
and D. From B measure lo C, 
and from C measure onward in the 
same line, till CE is equal to CB. 
Measure ED, and it will be equal 
to AB, the distance required. 

When the obstacle is a river, the following is the method 
to be employed. Let AB be Fig. 33. 

the required distance. From 
A measure any line diverging 
from the river, as AD, and 
set a stake in its middle point 
C. Take any point E, in the 
line of A and B. Measure from 
E to C, and onward in the 
same line, till CF equals CE. 
Then find by trial the point 
G, which shall be at the same 
time in the line of C and B, and in the line of D 
and F. Measure the distance from G to D, which 
will equal the required distance from A to B. The 
lines which it is not necessary to measure are dotted 
m the figure. 




MEASUREMENT OF DIRECTIONS. 

Having measured the lengths of the various portions of 
fl e line, by whatever method will give the degree of ac- 
curacy required, their directions are also to be examined, 
dctermiued, and recorded. 
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These JireclJons may be accurately determined, willi 
reference to the adjoining portions of llie linea, and tliere- 
fore to any given line, by 8iin|»le ineasuremenls wilh 
the cliain, willioiit the use of any of the usual compbcatcd 
angular instruments. 

Let AB and BC rep- fig. 34. 

resent two lines on the 
ground, meeting ai any 
angle. It is required to 
determine the change 
in the direction of the line BC from that of AB, i. c, ihe 
angle CBD, or the " angle of deflection." Set off from B 
equal distances, BC on the new line, and BD on AB pro- 
duced, and measure DC, wliich is the chord of llie angle 
required. To find the angle numerically, lake half this 
measured chord, (which equals the sine of half the angle 
lo radius BC) and divide it by BC. Find in a table of 
natural sines the angle corresponding lo the cjuoticnl. 
Twice this is the angle CBD required. But even this 
brief calculation is needless for putting down the line 
upon paper, as it is only necessary to describe an arc 
from B as centre with BC as radius, and to set off CD of 
the proper length, the distances being taken from any one 
, scale. 

If the direction of a line be required independently of 

['any other line upon the ground, it is usually referred lo 

ihe direction of the meridian, j. e., the line which passes 

through the north and south poles of the earth. The 

compass is the readiest means of obtaining this, although, 

. in addition lo its other inherent defects, it gives the angle 

h made by the given line wilh only the magnetic meridian, 

I which is consianlly changing, and from which the tru 

meridian in most places varies considerably. 
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To determine the true meridian (and therefore the 
angle which any line makes with it) without the use of 
the compass, the following is a simple and sufficiently 
accurate method. On the south side of any level surface 
erect an upright staff, shown, Fig. 35. 

in horizontal projection, at A. 
Two or three hours before 
noon mark the extremity, B, 
of its shadow. Describe an 
arc of a circle with A, the 
foot of the staff, for centre, 
and AB, the distance to the 
extremity of the shadow, foi 
radius. At about as many 
hours after noon as it had been before noon when the 
first mark was made, watch for the moment when the end 
of the shadow touches the arc at another point C. Bisect 
the arc BC at D. Draw AD, and it will be the true me- 
ridian, or north and south line, required. 

For greater accuracy, describe several arcs, mark the 
points in which each of them is touched by the shadow, 
bisect each, and adopt the average of all. The shadow 
will be better defined, if a piece of tin with a hole through 
!t be placed at the top of the staff, as a bright spot will 
thus be substituted for the less definite shadow. Nor 
need the staff be vertical, if from its summit a plumb- 
line be dropped to the ground, and the point which this 
strikes be adopted as the centre of the arcs, through which 
the meridian line AD is finally to be drawn.* 



♦ For the m«thod of determining the true meridian by the north star aud 
other melhudt^, see Gilk&pie's Laud burveyiuj;;, pp. 190-198. 



MEASUREMENT OF HRIOHT9. 

Tlie relative heigliis of ilie different poiiils, at which 
ih& Hue cliangea ils slope, aro next to be determined. 
The operation required for this purpoae is called level- 
ling. It consists in finding how much each of these 
points IS below any level line. The difference of their 
distances below it (measured perpendicularly to it) is the 
difference of their heights. The 6rst step, then, ia to 
discover means of getting a level line at any point desired 

The principle, ihal a level line is everywhere perpen- 
dicular to liie direction of gravity, furnishes the first 
method. Upon it depends the well-known "Mason's 
level," in which a f|^ ^^ 

Biraiglit edge AB is 
" level," or horizontal, 
when a line CD, ex- 
actly at right angles 
to it, is covered by a 
plumb-line allached to f^ ~ ^' 

ils upper extremity C, 

As ihia position of llie level line is inconvenient, ii 
practice, for long sights, by inverting the instrument we 
gel the " Plumb-line level." 
die of a straight edge, at- 
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To construct it, at the mid- 
Fig. 37. 



tach a bar, so that a I 

drawn through its middle 

is exactly at right angles to 

the straight edge. From 

the point of meeting sus- 

peiul a phimb-Iine. Turn 

the instrument till ilie 

pliimh-line covers the line drawn on the bar. Then will 
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the straight edge be a level line^ and by looking over its 
surface, or across sights, placed at equal heights above its 
ends, this level line may be produced by the eye, so as to 
pass over any point to which the straight edge is directed. 

A modification of the Fig. 38. 

plunnb-line level, which 

has the advantage of be- ^ ,-.--./ //i|\ \ n 

ing self-adjusting, is call- 
ed the ** Pendulum lev- 
el.^ As before, a straight 
edge and a bar are fixed 
at right angles to each 
other, but a heavy weight at the lower extrennity of the 
bar keeps it always vertical, and, consequently, the 
straight edge always horizontal. The whole apparatus 
is suspended by a ring from the junction of three legs 
which move on pivots, so as to form a steady support on 
the most uneven ground. A " tripod'^ of this sort is gen- 
erally employed for the support of all the instruments of 
surveying. 

The " A leveV^ is a Fig. 39. 

portable and conveni- 
ent modification of the 
mason's level. The 
legs AB, AC turn on a 
hinge at A, as does the 
bar DE at E, so that all 
three may be folded up 
into a stout rod. When 
the plumb-line corre- 
sponds with the middle of the bar DE, the feet of the m 
strument are on the same level At F and G are fixed 
two sights, at equal distances from the feet, so that 
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when the lalier are level, llie line, obtained by looking 
ihrougli iliHse sighis, is level also- The use of ihe olher 
divisions on the bar DE will be eiplained under the head 
of" G/ades."* 

Another simple inalrumcnt depends upon the principle 
that " water always finds its level." If a. tube be bent up 
at each end, and nearly hlteH with waler, the surface of 
the water in one end will always be at the same height as 
thai in the olher, however ilic position of ihe lube may 
vary. On ihia truth depends the " Water level.^ It 
may be easily coii- Fig. ■to. 

struclcd with a . 
tube of tin, lead, 
copper, &c., liy 
bendingup,at right 
angles, an inch or 
two of each end. 
In these ends ce- 
ment thin vials, 
with their bolloma 
broken off, so as to leave a free communicnlion between 
them. Fill the tube and the vials, nearly to their top, 
with colored waier. Cork their mouths, and fit llie instru- 
ment, by a steady but flexible joint, to a tripod. 

To use it, set it in the desired spot, place the tube by 
eye nearly level, remove the corks, and the surfaces of 
the water in the two vials will come to the same level. 
Looking across them, we gel the level line desired 
Sights of equal height, llunling on the wuler, and rising 
tbove the lops of the vials, would give a beiier-defiiied line. 

The " Spiiit level" consists essentially of a curved glas^ 
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■ Soe Simula on Drawing InBtrnin^^iU, 3d edilion, p. 146. 



m 




96 THE LOCATION OF ROADS. 

tube filled with alcohol, but 
with a bubble of air left 
within, which always seeks 
the highest spot in the lube, and will therefore by its 
movements indicate any change ia the position of the 
tube. To prepare the tube for use, it is placed with its 
convexity uppermost, and supported either in a block, or by 
suspension ; and when the bottom of the block, or the 
sights at each end of it, coincide with some level line 
previously established, marks are made on the tube at the 
extremities of the air bubble. The instrument is then 
ready for use ; for whenever the bubble, by raising or 
lowering one end, has been brought to stand between the 
original marks, (or, in case of expansion or contraction, at 
equal distances on either side of them) the sights will be 
on the same level line. 

When, instead of the sights, a telescope is made parallel to 
the level, and various contrivances to increase its delicacy and 
accuracy are added, the instrument becomes the engineer's 
spirit-level, and is out of the reach of the unprofessional read- 
ers for whom this volume is chiefly designed.* The same is 
the case with the ** French reflecting level." 

By whichever of these various means a level line has 
been obtained, the subsequent operations in making use 
of it are identical. Since the " water level" is easily 
made and tolerably accurate, we will suppose it to be em- 
ployed. Let A and B represent the two points, the differ- 
ence of the heights of which is required. Set the instru- 
ment on any spot from which both the points can be seen, 
and at such a height that the level Ime will pass above the 
highest one. At A let an assistant hold a staff graduated into 
feet, tenths, &c. Turn the instrument towards the stafl^ 



* For its description and adjustment?, see Gillespie's Levelling, Part I., chap. 
IT. 




look iUong the level 
line, and note what 
division on ihcsl 
it strikes, Then 
send the slafT Lo B, 
direct the instru- 
ment to it, and note 
the height observed 
at that point. If 
the level line pro- 
duced by ihe eye passes 2 feet above A and 6 feel 
above B, the difference of [heir heights is 4 feet. The 
absolute height of the level line iiself is a matter o( 
indifference. If the height of another point, C, not visible 
from the first station, be required, set tiie insiniment so as 
to see B and C, and proceed exactly as with A and B. 
If C be found to be 3 feet above B, it wil! be 4— 3= 1 
foot below A. If C be 1 foot below B, as in Fig. 43, it 
will be 4 + 1 — 5 feel below A. The comparative heights 
Pig. 43 
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of a seiies of any number of points, can thus be found in 
reference .to any one of them. 
The beginner in the practice of levelling may advan 
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Ugcotisly make in his 'field-book" a sketch of Ihe tieightfl 
noted, and of the distances, pulling down each as it i> 
observed, and imitaiing, as nearly as lija accuracy of cyo 
will permit, their proportional dimensions.* But when 
ihe observations are numerous, they should be kept in a 
tabular form, such as that which is given below. The 
names of the points, or " slations," whose heighls are do 
nianded, are placed in the first column ; and tlieir heighls, 
as finally ascertained, in reference to the first point, in tlie 
last column. The heights above the aiarting point are 
marked +, and those below it are marked — . The back- 
sight to any station is placed on ihe line below the point 
to wbicb it refers. When a back-sight exceeds a fore- 
sight, their difference is placed in the column of "as- 
cents ;" when it is less, their difi"erence is a " descent." 
The following table represents the same observations as 
the preceding sketch, and their careful comparison will ex- 
plain any obscurities in either. 



The above table shows that ] 
C is 5 feel below A ; that E i 
on. To lest the calculations. 
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; is 4 feet below A ; thai 
I I fool above A ; and so 
add up the back-sighls 



tract the tiotizoulal distm 



ealh of llieir proper ptoporlLo 
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ighl3. The difference of ihe sums sbould equal 
tlie last " total height."" 

Tlie level line obtained by any of these instrumenia 
a a tangeiil to the surface of the earth, and therefore di- 
rerges from the surface of standing water, which presenls 
I curve corresponding to that of the earth. The differ- 
ence between the lines of true and apparent level, ia 8 
inches at the distance of a mile ; but since it varies as the 
square of the distance, it is very insignificant in sights of 
ordinary length, (one-eighth of an inch for a sight of one- 
eighth of a mile) and may be completely compensated by 
Belling the instrument midway between the points whose 
difference of level is desired ; a precaution which should 
always be taken, when possible. If the ground renders 
Bights of unequal length unavoidable, a balance should be 
struck as soon as possible, by adopting corresponding 
inequajilies in the contrary direction. 

The heights observed along the length of the road, which 
give its " longitudinal section," should be taken at every 
change of slope ; and at every hundred feet, when the line 
8 finally located. 

It is also necessary to take them at right angles to its 
length, in order to obtain the " transverse" or " cross sec- 
tions." These are required for the subsequent calcula- 
tions of the "cutting and filling," pnd to enable the engi- 

r to see what would Fig. 44. 

be the effect upon these, 
of moving the line to the 
right or to the left. The 
righl page of the note- 
book is usually devoted, 




* For anotbcr lorm of Levelliiu; Field-book, see page 11G>. 
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in pan, to the cTosa-iections, taken in reference to any 
a B. In tliis example, on ihe right, ihe ground 
rises 10 feci in going out 30 ; on (he left, it falls 20 in B 
"di»ianceout"of 50. 

Tliese cross-aeciiona should be taken at every change 
of longiludiiial slope. At every change of slope trans- 
versely, single heights and "distances out" should be 
taken. Tlic future calculations of cubical contents will 
be facilitated by observing the following rules : — 

1. Take a cross-section whenever either edge of tho 
road passes from excavation to euibankmeni, or vice 
versa. 

2. When the road is partly in excavation and partly in 
embankment, ascertain the "distance out" at which the 
grade, or level of the base, cuts the surface of the ground. 

3. Take heights at each edge of the base, i. e. at dis- 
tances on each side of the centre line, equal to the half 
width of the base of the road. 

4. Take the intermediate cross-sections at some deci- 
mal division of 100 feet. 

The Movnlain Saromeler is an inslmnient of great tsIm 
for the rapid delerminaiiun, witli appToxiiniLte accuracy, of the 
heights of llie leading points in an eKtenaive ilistrici uf country.* 

The temperaiute of boiling water Hupplies another eisy 
means of approximation. The degree of heat at which water 
boils diminishing as the height increases, tables have beea 
constructed from observation, with the aid of which ihe height 
of a place may be culculated from the lemporatitre at which 
water there bulls. -f 
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The lengths, directions, and heights of the different 
porcians of the line having been ascertained, they are next 
to be represented on paper, in such a way as to convey to 
an instructed eye a complete idea of the ground over which 
the route passes. This idea will be as accurate as could bo 
obtained from actual e.iaminalion, and much more easily 
embraced by t!)e mind ; the details being made subordinate 
to the leading features. 

The mapping of a line comprehends two distinct 
branches : 

1. The plot. 

2. The profile. 



This represents the lengths and directions of the differ- 
ent portions of a line, projected on a horizontal plane, as 
ihey would be seen by an eye looking down upon them 
from a great height directly above them. If the lengths 
have been measured horizontally, as ia usual, tiiey will 
require no farther reduction. Before commencing the 
plot, its "scale" must be determined, i. e., what propor- 
tion the representation is to bear to the reality, or how 
many feet of the line each fyot of the plot is to represent. 
If one foot of the plot represent 1000 feet of the line, 100 
feet of the latter will occupy one tenth of a foot on the 
plot, and BO on. Any convenient scale may be assumed, 
but must be carefully preserved unchanged in the same 
plot. The changes in the direction of the hue, or the 
angles of deflection of its adjacent parts, may be most 
easily laid down, as explained on page 91, by describing 
an arc from the angular point with the same radius used 
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on the ground, (mhen to the proper scale) and selling off 
on llie arc, as a chord llie proper distance measured ia 
like manner. 

If the deflection had been measured by an angular in- 
strument, (which, however, ihc preceding method dis- 
penses will)) it would have been laid down on the paper 
by a "protractor," ihe must usual form of which is a 
Email brass semicircle, divided into degrees siinilai to 
those on the instrument. 

Upon the plol, it is usual to represent the hills and val- 
leys in the vicinity of the line; but since they are supposed 
to be seen horizontally projected in a " map-view," as they 
would appear lo an eye looking down upon them from an 
infinite heiglii, ihey cannot be drawn with the rises and falls 
of the front view in which we usually see ihcm, but must 
be represented by some artificial and conventional method. 
They are accordingly supposed to be cut by a number of 
equidistant horizontal planes, and the horizontal " contour 
curves" of intersection lo be drawn upon the map, ihc in- 
tervals between Ihem being filled up by short hatchings 
perpendicular to the cnrves.* Hills, represented on these 
principles, are indicated by numerous diverging lines, 
shorter, nearer, and heavier, in proportion as the hill is 
sleeper, and vice versa. See the examples on pages 83-4. 

All waler-courses must also be carefully represented on 
ihe plot ; and the nature of the surface, whether pasture, 
ploughed land, swamp, woods. Sec, together with the de- 
tached objects upon it, such as houses, mills, churches, 
&c., be indicated by cerlain arbitrary signs. For oui 
purposes they are not necessary, but may be found, if 
desired, in any topographical manual. 

• For fuller deUllB, lee 01]1»I>lE'i "LeitlllOE, Topogispb;-, and filebn 
BotVEjlng," Part IV. 



THE PUOFILE OF A LINK. 



! PROFILE OF i 



I 



This represents, lo any desired scale, the heights and 
distances of ihe various points of a hne, projected on a 
vertical plane. It thus gives a " side-view" of its ascents 
and descents. Any point on the paper being assumed for 
the first station, a horizontal hne is drawn through it ; the 
distance to the next station is measured along it to the 
required scale j at the termination of this distance a verti- 
cal line is drawn ; and the given height of the second sta- 
tion above or below the first is set off on this vertical line. 
The point thus fixed determines the second station, and a 
line joining it to the first station represents the slope of 
the ground between the two. The process is repeated 
for the next station, &c. 

But ihc rises and falls of a line are always very small 
ir proportion to the distances passed over ; even moun- 
tains being merely as the roughnesses of the rind of an 
orange. If the distances and the heights were represent- 
ed on a profile to the same scale, the latter would be 
hardly visible. To make them more apparent it is usual 
to " exaggerate the vertical scale" tenfold, or more, i. e,, 
to make the representation of a foot of height ten limes as 
great as that of a foot of length. Take, for instance, the 
example on page 98. Let one inch represent one hun- 
dred feel for the distances, and ten feet for the heights. 

From A draw a horizonlal line. Measure on it one 
inch, representing one hundred feet of length. Thence 
draw downwards a vertical line. Measure on it four-tenths 
o( all inch, represent iiig four feet of height. This fixes the 
point B. Join A to B. Tiiis line AB represents the 
■lope of the ground. Next, along the horizontal line, 
measure six-tenths of an inch fartltcr, representing sixty feci 
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cf length. Measure on a vertical line thence drawn, fire- 
tenths of an inch, representing five feet of height. This 
fixes C. Join C to B. Proceed in like manner for all 
the lereU. 

The distances may be written horizontally in ihcir afv 
propriate places, and the heights or depths of the ground 
(above or below the datum line) vertically, along the 
lines which represent ihem, as in the figure. 

5. ESTABLISHISG THE GRADES. 

The ffrade of a line is its longitiidinul slope, and is 
designated by the ratio between its length and the dif- 
ference of height of its two extremities. The ratio of 
these two quaniiilea gives il its name, as we have seen; 
the road being said to have a grade of one in thirty when 
it rises or falls one foot in each thirty feet of length. 
When the "profile" of a proposed route has been made, 
a " grade-line" is drawn upon it (nsually in red) in such 
a manner as to follow its general slope, but to average its 
rif. 4G. 




irregular elevations and depressions, as m the figure. The 
ratio between the whole distance and the height is then to 
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be calculaled. If, as in the figure, ii rise 100 in 4000, the 
grade is one in furly, flatter than our assumed limit of one 
ill tliirly, and l)ie line will be a satisfaclory one, if on cal- 
culation it be found that the cuttings about equal the fill- 
ings. If either be much in excess, ilie grade ia altered to 
equalize them, as will be explained under the next head. 
But if the grade be found steeper than the limit, as when 
it ascends the face of a hill with a rise of 100 feet in 
1500, or a slope of one in fifteen, either the hill must be 
cut down, or, which is generally preferable, the length of 
the line must be increased so as to equal 100 x 30 =3000. 
The best method of oblaining this increased length, or 
"development," (whether by a zigzag or by a single 
oblique line) will depend upon the manner in which tha 
line meets the face of the hill, whether at right angles oi 
obliquely, and should be determined by geometric con- 
stnictioHs upon the plot, such as those which follow, 
modified if necessary by the features of the ground. 

Problem, To fix the poaition oF a line Jnining Iwd glren 

poinla, BO that it sliall ascend with a given grade a slope 

ateeper than this grade, and shall also be the Bhotlest possible 

line which will TulfU this condilion.* 

Case I. When the straight Una joining the two points meets 

the tlope al right angles. 

Fig. 47. 
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Let A and B be the gi*en pninla, and let the top and bottom 
linei of Ibe slope to be ascended be considered parallel. I>el 
tnn represent ihe length whicb the load up the hiU rousi have 
to ascend with tlie proper grade. Juin the given points by a 
■Iraigbl line, and between Ibe points C and D. at which this 
line meets the lop and bottom line, establish a ligxag, uf • 
sufficient number of turns lo make its eniire length equal (a 
mn, the " development" required ; which in the instance last 
supposed vtoutd be 3000 feet, the straight tine CD being only 
1500. 

The load which ascends the Calskill moontain mahes seven 
snch zigznga or tacks. Their angles should be rounded ofl'bj 
curves, as explained in a. fultowing article on " Final Location." 
.At these curves the width of the load should he increased, as 
directed aa page 46. 

Cate 3. Whtn the slraigkt line mttU Iht »lopt obliqutly, 
and Iht two given pointi are very distant from each other. 



Let A and B be the given points. Between the top and 
bottom lines of the slope draw a line mn at such a degree of 
obliquity as will make its length equal lo the development re- 
quired, which, in the instance supposed, ia 3000 feet. The 
straight line AB would be loo sleep between C and E. There- 
fore from the paint C draw a line CD, parallel and therefore 
equal to mn Join Dfi, and the line ACDB will be the one 
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A vgiig between C and E would girs a Ion([et line ; fnr, 
comparing I he pans ofllie line thus olxained with ihose or the 
other, we dad AC cominon lu buth ; Ihe zi|rzag CE equal la 
CD by constructian ; and EB longer ibui DB, because faribsr 
from the perpendieulir. 

The conBlruction above directed is merely approximately 
true, becoming' perfectly so only when the paints A and B are 
infinitely distant fratn each other. The strict construction is 
(hat which follows. 

C(ue3. When the straight lint Tnetls Ihe slope oli!i^Htljf,and 
Ike ttoo given pointt are near each othtr. 

From the given points A and B draw perpendiculirs to the 
nearest edges of the slope. The line joining the feet of these 
perpendiculars will be less than, equal to, or grealei (ban, the 
deieloped line mn, according to the steepness of the slope, 
and the degree uf obliquity with which it is met by the straight 
line which joins the giren points. Three sub-coses, requiring 
difTeieoi construe tiona, are thus formed. 



Sub-case 1. When the line joining the perpendiaJart 
thorter thon the developed line ma. 




From A and B draw AC and BD perpendicular lo the edges 
of the slope. Join C and D by a zigzag line, equal in length 
to the developed line mn. Then will the line thus obtaiiifHl 
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fulfil (he condilions reioired ; ibe length o( Ihs ligiag being 
equal to Ihe necessary lenj^h mn, and ihe linei AC aod BC 
being perpenoitutar to the lop and bolloni or Ihe hill, and there- 
fore the shortest possible dJMaiKCB to it. 

Suh-cmte 3, When Iht line joining the perpendicular* it 
tgval to Iht developed line mn. 




Draw the pi 3 and BD, as before, mi Join 

their feet by Then will the line ACDB be 

■horter than any other line, (as AC'IXB, obtained by the con- 
(Iruction of Case 2) for AC and BD, being perpendiculars, are 
the shortest possible, and CD has a cooslant length, wbetever 
11 may be placed. 

A zigzag line from C to E would not produce the shortest 
line, for the same reasons as in Case 3. 

Sab-ca>e 3. When the line joining the perpendiadari u 
longer than the deseloped line mn. 

Froip A, Fig. 51, draw AE parallel and equal to mn. Join EB. 
From the point D (where this line inlersecls the edge of the 
slope) draw DC parallel and equal to AE, Join CA. Then 
will ACDB be the shortest line required. 

For, AB, being equal to mn, cannot be shortened, and EB 
tt B rtratght line, and therefore the shoitest possible line, as ia 
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consequently llic whale line AEDB. But this line is in the 
wrong place, and its paria require to be transported parallel to 
themselves. By ihis operation is formed the line ACDB, 
which has all its parts equal to those of the fornier line, and 
which is therefore the shortest possible. 

It might seem preferable lo adopt the direct line AB, and to 
uicend the hill bj a zigzag from F lo G : but this would not 
give the ahorlest line ; for AF and GB are longer reapeciivelj 
than AC and DB, because farther from ihe perpendiculars. 

When the lines AC and DB, obtained by the construction 
ftbove directed, fall heyond the perpendiculars let fall from A 
and B upon the lop and bottom of Ihe slope, this result shows 
thai Ihis construction is inapplicable, and thai the case is one 
in which it is proper to adopt the perpendiculars, and lo join 
them by a ilgzag of the proper length. 

Case 4. When two neighboring stopei are separated by a 
level space; whether a valley, or a tahle-latid on the ridge of 
a hill. 

Between the top and boitoni lines of one slope draw the line 
mn, equal in length to the developed line with which that slope 
must be crossed ; and in like manner on the second slope, draw 
the line^. 

Then fiutn A draw AE, parallel and equal to mn. Froin E 
dt«w£f parallel and equtllo;)?. JoiuFB. The line AEFfi 
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is the shortest line possible, for the tune reasons as wu AEB 
in the preceding siib-ease 3. But its psris require to be differ- 
ent)]' arrang-ei! without changing their length, which ia effected 
thus. From H draw UG parallel and equ^t to FE- From G 
draw GD parallel lo HF, and terminating at the edge of the 
Doxt elope. From D draw DC parallel and equal to EA. Join 
CA bj a line which will he parallel to FH. This new line 
ACDGHB is equal to the former line AEFB, and therefore ts 
the shortesE line required. 

If the space between the two slopes was a valley, in which 

there was a given point to be passed through, as i bridge, the 

problem would divide itself into two others, such .s have been 

solved in the preceding cases. 

Grades may be approiimalely ejlimated upon th« 

ground, {without measuring distances and heights) by a 

slight add i I ion toihe"plnmb-lLne level," described on page 

93. Connect ibe horizontal and vertical bars by oblique 

braces. To prepare it for use, depress or elevate ihe 

sij;h[8, 80 that their line coincides with an ascent or de 
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scent of one in thirty, or any olhcr grade previously estab 
lished by levelling. Mark ihe poinl at which the plumb- 
line now cuia the obhtjue braces. Do the same for other 
grades, the more varied the better, and the instrument 
will thus become a clinometer, or grade-measurer. When 
it is placed upon any slope, and its sights directed to any 
object (such as a target on a rod, or a paper in a cleft 
Gtit k) at the same height above the surface as its upper 
edge, that division on the brace which is cut by the plumb- 
line will indicate the inclination of the slope. The A level 
described on page 94, may be used in a similar manner, a 
scale having been in the same way formed on the bar DE. 
An extempore clmvmeter may be made with a sheet of 
paper, a thread, and a pebble, fs- S3. 

Take a sheet of paper of any -^V 
shape, double it, and a straight 
line is formed ; double it again 
along the straight hne, and 
four right angles are obtained. 
Cut out one of the right an- 
gles, and double it so as to 
bring the sides of the right 
angle togetlicr, and It will be 
bisected,forming two angles of ^ 
45°. Fold this in three equal parts, and angles of 15° 
will be formed ; repeal the last operations, and angles of 
5" will be obtained. The subdivision may be carried as 
far as desired. To use the instrument, form a plumb-line 
by lying a pebble to the end of a thread, and attach it at 
the centre of the angles. Holding the right angle to the 
eye, if the grade be descending, or the opposite corner if 
it be ascending, turn the paper till its edge is in the line 
which passes from the eye to some object at the same 





THE LOCATION OF ROADS. 



height aboTe the surface. The plumb-hne will ihen indi- 
cate the angle of ihe slope. In ihe figure it strikes 5°, 
equivalent, by ihe table on page 44, to 1 in 11. 



9. OALOITLATINa EXOATATIOtf AND EMBANEMEKT 

Tlie proper grade-line having been thus determined, 
and drawn on the profile, (which shows the heiglits of the 
ground over which t!ie line passes) the difference between 
the height of the ground and that of the grade-line at any 
point, will of course represent the depth of cutting, (or ex- 
cavation) or the lieighl of filling (or embankment) as the 
case may be, at that point. This depth, or height, in 
feel and decimal parts of a foot, should be written in red 
figures (coles rouges) at the proper points of the profile. 
With these, knowing also the intended width of the road 
and the inclination of the side-slopes, the cubical contents 
of the excavations and embankments, or the amount of 
"earth-work," may be accurately calculated. 

The cost of the road will depend in a great degree 
upon the quantity of the " earth-work" to be done, and 
may be greatly lessened by making the amount of exca- 
vation precisely equal to that of embankment, so ihal 
what is dug out of the hills may just suffice to fill up the 
hollows, II is therefore very important for economy to 
calculate these amounts with accuracy before the final 
location of the line, so that if they are found to be unequal, 
the position and grades of the line may be changed to . 
produce the equality desired. 

This accurate calculation is necessary, after the final 
location, for another reason ; inasmuch as tiie contractors, 
who usually perform the work, arc paid, not by the day, 

T in tlie lump, but by a certain price per cubic yard, the 
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exact (ietenn: nation of the number of which is therefore 

required lo ascertain ihcir jual dues. 

PRELIMlNARr ARRANGEI«I!.VTS. 

For calculating the cubical contents of the solid mass 
of eartb cut out or filled in, four dilTcrent methods are in 
common use. All four, however, require the same pre- 
liminary arrangements and preparations, which will there- 
fore be now given. 

Figure 54 is a plan (on a scale of 800 feet lo the inch) 
and figure 55 a profile (on a vertical scale of 80 feel to 
the inch) of an old line of road, which it is desired lo im- 
prove by cutting down the hill and filling up the hollow, 
80 as to form a single slope, with a uniform grade, from 
A to B.* The dislances between the stations are written 
horizontally ; the heights of the ground above the datum 
line are wriiten along the vertical lines which represent 
them ; and at the extremities of these vertical lines are 
placed the numbers which represent the depths of cutting 
or filling at those points, and which are equal to ihe dif- 
ferences between the heights of the ground and of iho 
" grade-line," or new road 

SECTIO-PLAPJOQRAPHr. 

A method of representing the cuttings and fillings upon 
the plan.devised by Sir John Macneill, has been named 
' Sectio-planography ." Usually the plan and the profile 
are drawn separately, and when the former varies much 
from a straight line, it is difficult for an unpraclised 
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eye to discover Vhe corresponding points 
of the plan and profile ; as the lalter 
is fiirmcd by placing all the distances 
alnng a straight base line, and therefore 
fills a longer space than the winding plan ; 
and as tlie two are also frc(|uenlly drawn 
far apart, or even on diiTerent sheets. 
Jn the improved method, the depths of 
cutting and of filling at each station are 
set off on one aide or the other of the 
pian of the line, as laid down upon the 
map, BO that all the information desired, 
with regard to any portion of ihe line, 
may be found on that very spot. The 
accompanying figure shows its applica- 
tion to the preceding example, the " plan" 
of which has been intentionally made 
very winding. 

To make the distinction more striking, 
the cuttings may be shaded with lines 
perpendicular lo ihc hne of the road, and 
the fillings with lines parallel to it ; or 
the former may be colored red, and the 
latter blue." 



TABULAR ENTHIEB. 



The data of the profile, with those 
deduced therefrom, should be presented 
in a tabular form, such as that which fol- 
lows, and which refers to figure 55. 
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HBlOD. 
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3 


4 


6 


6 


7 




rtd^hlorirmina 


ftv UKh OMiuicD. 


.bcCrta'im- 


Oil. 


n,,. 


] 

3 
3 
4 
6 
6 
7 


661 
853 
825 

830 
B25 
330 


4R.0 
69.3 
63.9 
26.9 
0.9 
4.9 
10.0 


— 4.8 

— 7.3 

— 7.0 

— 7.0 

— 7.0 

— a.8 


4fi.O 
41,3 
33,9 
26,9 
19.9 
13.9 
10.9 



18. 

30. 




19. 
8. 



4219 


3f;.o 



k 



The J?r5( column contains the nuiioer of the station, oi 
point, the height of which above the dalum line is con- 
tained in the ihird colitnin. The second column records 
the dislancea bclween ihe stations. 

The fourth column shows the rise or Tall of grade for 
each distance, obtained by a simple [iroportion, the whole 
distance and dijference of height being known. Thus, 
4219: 561 : : 36 : 4.8. 

The Ji/lh column shows the height of the grade line, 
I. e. of the road as improved, above the datum line at each 
station. The numbers In It are obtained by sublracling 
succGsaively the fall between two stations, as recorded in 
the fourth column, from the height of the grade line at the 
preceding stalion. Thus, 4C —4.8 = 41.2. 

The sixth and seventh columns show the depths of cut- 
ting or tilling at any station. They are the differences 
between the heigiit (from column 3) of the ground a! any 
BlHtion, and the height of the grade-line (from column 5) 
for the same station. 

The station (No, 4) ot which the culling ends, and the 
filling begins, is called a " Poinl of Passage." 
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Cl'DICiL CONTENTS. 

Willi tlie.ie data ihc cnlculalion may be commenced, 
Rud llie cnc! areas — or middle areas, or both, according 
to ilie inuiliod adopted — be sought, and the cubical con- 
tents llieiice deduced. The details of [liese calculations 
are of great importance to the practical engineer, but oc- 
cupy 90 much space, thai they have been transferred to 
the Appendix:. The following are ihcir results. 

"Averaging end areas" ia ihe most usual method of 
calculation in this country, but gives a result which al- 
ways exceeds the correct amount, in a greater or less de 
gree, according to the inequality of the end areas. In the 
present example, its error in excess is 1 0,000 cubic yards, 
which amount, beyond wiial was justly due for the work 
done, would be paid by a company or town by which 
this improvement should be made, if their engineers 
Bhould adopt this method of calculation. 

The calculation by " Middle areas" gives an amount 
which /a//s short of the true one, by a deficiency equal to 
exactly half of the excess of the preceding method. 

" The Prismoidal formula^' alone gives the correct 
amount ; wiiicfi, in this example, is 2,200,968 cubic feet 
of excavation, and 1,541,153 of embankment. 

The fouriii method, by "Mean Proportionals^'' gives 
a result always less than the true one, and exceedingly 
erroneous when one of the end areas is nothing. 

The substitution of the correct Prismoidal method for 
Ihe erroneous ones which are so frequently employed, ia 
demanded by every consideration of accuracy, economy, 
honesty, and justice ; and the full calculations in the Ap- 
pendix show thai the additional labor required is too tri- 
fling to be a reasonable obstacle. 
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B«L»NCIKO THE EXCAVATION AND EHBANKXENT. 

When ihe quantity of excavation on any given portion 
of the road exceeds ihal of the embankmenl, llic excess 
18 called " Surplus," and musl be dcposiled, upon Uie 
ndjiiining land, in masses called " Spoil-banks." 

When the excavation is insufficient to make tiie em 
bankmenl, ihe deficiency is called "Wantage," and musl 
be BOpplied from extra " Side-cuUings" in the neighbor 
ing fields. 

Both these cases are expensive and otherwise objection 
able ; it is therefore very desirable to make the excavation 
and embankment "balance" each other, so that the earih 
dug out may just sulBce to (ill up the hollows. If the 
calculations show mnch disparity in the two amounts, the 
location of the line must be changed in some way, so as 
to effect the desired equaHiy. 

This equalization must, however, be restrained within 
certain limits ; for it should evidently be abandoned, when, 
in order to find sufGcienl excavation lo make the embank 
raent, it would be necessary to go to such a distance that 
the cost of transport would exceed the cost of making 
side-cuttings for the embankment, and of depositing the 
distant excavation in spoil-hanks. The comparison ot 
the price of transport with that of excavation and of land, 
will therefore determine the distance within which the 
balancing mi-st be established. 



The equality recommended must be taken with an im 
porlant qualification, dependent on the fact that earth 
transferred from excavation lo embankment shrinks, or is 
comj)ressed, so as to occupy, on the average, ant-teiUh 
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less space in bank ihart it did in its natural state, 100 cu- 
bic yards " slirinking" into 90. 

Rock, on the contrary, occupies more space wlien bro- 
ken, its bulk increasing by about one-half. 

In experiments made on a targe scale, by Ellwood 
Morris, C. E.,' the shrinkage of light sandy earth was 
I of its volume in excavation ; of yellow clayey earth 
^Vf antl "f gravelly earth j-'j. The increase of hard 
sandstone rock, quarried in large fragments, was y*j of its 
■volume in excavation J aiid of blue slale-rock, broken into 
small fragments, j%. 

Upon some of the public works of the state of New 
York, the usual allowance has been for the slirinkage of 
gravel and sand 8 percent.; for cisy 10 per cent.; for 
loam 12 per cent. ; for mucking, or surface soil, 15 per 
cent.; and for clay "puddled" 25 per cent. The in- 
3 of bulk of rock was taken at one-third, or some- 
limes at one-half; though some experiments showed that 
one yard of slate-rock made from 1.75 to 1.8 cubic yards 
of embankment. 

These considerations lead us lo modify the require- 
ments of equality in the excavations and embankments, 
and to adjust them so that the former shall exceed the lat- 
ter by about 10 per cent. 



We will now take up the e.\ample on page 114, in 
which we find the excess of the excavation over ihe em- 
bankment, or its "surplus," (accordiiig lo the correct cal- 
culation, of which he result is given, on page 117) to be 
659,816 cubic feel. We must therefore chaiige the grade, 



• JoDTuaJ of the Fraaklia lusti'ute, Octobti, 1841. 
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80 as to lessen the excavation, and increase llie embank- 
ment, till ilie former exceeds ilie laiier by only one-tcnih of 
ilseif. The grade line AB (figure 55) might be raised either 
at A or at B. Tlie latter is preferable, since it will increase 
ihe gentleness of the slope. The height which it should 
be raised at B might be calculated in advance, but the 
complication of the resulting formula is so great, lliat it 
will be belter to assume some height, (which an expe- 
rienced eye can do with considerable accuracy) and hav- 
ing found, by a simple proportion, the changes in the cut- 
lings and fillings al each slalion, to recalculate the whole 
cubic contents. If the desired difference has not been 
attained in the result, it will al least be a guide by which 
a second assumption can be made with a very close' ap- 
proximation to precision. 



I raised three feet at etalion 7. A 
I of the dlslancea from slation 1 to 
tion, will give ihe change of cutiing 



Coneidet the grade to 1 
proportion between the ki 
7, md that to any other al 
c» filling at [hat slation. 

For elation 2, <2I9 : GGl t : 3 : 0.4 

" " 3, 4210 : 1419 : : 3 : I.O 

" " 4, 4219 : 2214 : : 3 : 1.0 

" " 6, 4319 : 3064 : : 3 : 9.3 

" 6, 421S : 3889 : : 3 : 2.8 

The place of station 4, i.e. (he "Point of passage," is 
changed by ihe elevalion of the grade line AB, and removed 
towards slalion 3, to soma new station 4'; see Fig. 57, A 
problem here presents itself, to lind the distance between the old 
and new pninls of pasfnge, hnnwing the slope of the grade and 
that of the ground. Call the former rn lo 1, and the tailei 
n lo I. Let the elevation of the new grade line above the old 
point of passage = k feet; and the distance reqnired — d. 

An inspection of the figure shows that the heights of the 
(wo right-angled Iriangles, whose bases aie d, are reapeclively 
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CHANGE OF CHADE 
Fig. 57. 




- snd -. It is also evident that - 
tuned the general furmula, 



InlhepreBcnteaae (see table on page 116) ni 



fi25 



= 31 ; Itnd <^ = 1.6 X -r 



ise X 



19 — 31 

The new stallon 4' is thererore distant from station 3, 
825 — 65 = 760 feel, and from station 5. 820 + 65 ^ 885 feet. 

Ado|iting these new distances, and changing the cuttings and 
fillings in acrcordance with the elevations of grade obtained by 
the projiortionB on the preceding page, ihej will stand thos : 
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825 
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330 
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The calculatioiia being repealed with these data, it will be 
Ainnd that ihf excavation will amount to 3,046,000 cubic fcot. 
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ftnd itte embankment lo l,9S0,0O0: an apparent Bnrplos at 
(ta,<N)0 cubic feet ; but since, in ordRr lu sltuw fur the abtink- 
age, there should be an electa a[ 305,000, it appears that there 
is really a Wantage, and thil lh« piade has been raised loo 
much ; so that an elevatinn oronly 3} feel at B wuuld ptiibably 
produce the desired balance. 



When the road Ilea along the side of a slope, ao that il 
16 partly in excavation and partly in embankment, it is nc 




cesaary so to place its centre ]ine, that these two parts ol 
its cross-section may balance. When llie ground has a 
uniform slope, ihe desired end would be obtained (if the 
side slopes were the same for excavation and embank- 
ment, and if no " shrinkage" existed) by locating ihe cen- 
tre line of the road on the surface of ihe ground. In other 
cases, as when the side of the excavation slopes 1 lo ], 
and that of the embankment 2 to I, a formula to determine 
'he position of the centre line of the road may be readily 
eslaotished. 

If earth be wanted for a neighboring embankment, the 
nmounl of excavation may be easily increased by moving 
ihe road farther into ihe Iiill, with the additional advantage 
of lessening its liability to slip. The line may be thus 
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changed on ihe map, according lo the notes of crosa- 
eectiona in the level book, and be Bwbsequenlly moved, by 
a corresponding qiianliiy, on the ground. 

Wlien the slope of the ground is very steep, the trans- 
verse balancing must be disregarded, and ihe road made 
chiefly in excavation, to avoid the insecurity of a high 
embankment, as will be explained under " Construction." 



The equality of the masses of excavation and embank 
inent is not the only consideration. The distances to 
which it is necessary to transport the earlh which is 
moved, must also be taken into the account. Suppose 
that a mass of earth, whose surface is ABCD, is to be 



Fig. 59 




removed lo the embankment whose surface is EFGH, and 
which has a thickness sufficient to make the two masses 
equal. The mean distance of the transport is required. 
Conceive the mass ABCD divided into a very great num- 
ber of smaller masses. The sum of the products of these 
portions, by the distance which each of them is actually 
moved, will equal the product of the sum of the portions 
(i.e. of the whole mass) by the mean distance. The 
mean distance therefore equals the above sum of products 
divided by the whole mass." 

In such cases as usually occur on a road, in which the 

• Giyffier. p. 122. 
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cubes of excavaiion and embankment are compnwd be- 
tween two parallel planes, whose horizontal traces are 
ABEF and DCIIG, and in which sections made by other 
planes, piirallel lo ihe first, cut off equal partial volumes, we 
know, from the principles of inecljanics, that the mean 
distance desired is equal to Ihe distance of the centres of 
gravity of the two volumes. In the simple example above, 
tlie mean distance of transport would be the distance be- 
tween the cenlres of the two rectangles. 

The methods of apportioning the excavations among 
different embankments, which ought to be adopted in more 
complicated cases of various distances of transport, in 
order to attain the minimum of labor and expense, will be 
considered in the next chapter, which treats of actual 
" Construction." 



7, ESTIUATE OF THE COST OF A BOAD. 

A minute and careful estimate of every possible source 
of expense in the construction of a road, is a very impor- 
tant element In determining its location. The principal 
items are the Earthwork, Land, Mechanical structures. 
Engineering, and Contingencies. 



The amount of " Earthnu/ft," or excavation and em- 
bankment, is supposed to have been determined by the 
preceding calculations. Its cost per cubic yard depends 
on the wages of labor, the quality of the earth, and the 
distance over which it is moved. 

Wages. The daily wages of an ordinary laboring man 
vary of course with the locality and the season, and range 
from fiO cents lo SI 15. In making the estimate, it must 
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not be overlooked, ihat if wages are at that time unusually 
low, ibey will be likely to rise, if the work be so laige 
in amouDt as to make the demaod for labor exceed the 
supply. 

Quality. The amount of labor required, for breaking 
up and removing any given volume of earth, will of course 
depend upon its degree of compactness and cohesiveness, 
which is termed its " quality ^^ This is eslimated by the 
proportion between the number of picks in use, and the 
number of shovels which these picks will keep constantly 
employed. Thus, if the earth be so loose that It can be 
shovelled up without being loosened by the pick, it is 
called " earth of one man." If it be so hard as to require 
one picker, or "getter," to be constantly employed, to keep 
one shoveller, or " filler," at work, it is called " earth of 
two men." If one " getter" can keep two " fillers" busy, it 
is " earth of 1 J men ;" its nomenclature being formed by 
dividing the total number of men employed by the number 
of volumes of earth removed. The "quality" of earth can 
be accurately determined only by actual experiment, though 
it may be estimated with tolerable precision by an expe- 
rienced eye. In deep cuts, borings should he made, or 
shafts sunk, to ascertain tlie nature of the lower strata. 
In this examination a knowledge of the geological ar< 
rangement of the district will be of great assistance. 

An average laborer can shovel into a cart, in a day ol 
ten hours, from 10 to 14 cubic yards, measured in the 
embankment, of earth previously loosened with a pick or 
plough. Of hard and firm gravelly earth, or gravel and 
clay mixed, he can load 10 cubic yards ; of loam, (sand 
and clay) 12 cubic yards; and of sandy earth 14 cubic 
yards.* To loosen the earth will cost from 1 to 8 cento 
■ Journal of Fraaklin [nstitule, Seplcmbar, 1841. 
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per cubic yard ; tlic hardest earth requires to be picked ; 
tlie olliers may be pluughcd; and some sandy earth does 
Dot require any loosening, but may be shovelleil up »t 
once. At wages of one dollar per day, the cobI of shov- 
elling into a carl would therefore be from 7 lo 10 cents 
per cubic yard ; lo which the cost of loosening must be 
added. If it were "earth of two men," it would coet 
double. The excavation of rock will cost from 50 cents 
to $1.00, according to its hardness, and the disposition of 
its scams. 

The following table shows the number of cubic yards 
which can be loosened, loaded, &c., by an average la- 
borer, in a day of 10 hours." 
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The cost per cubic yard of each kind of labor will be 
readily obtained by dividing the day's wages by the num- 
ber of eubic yards In the tal>le. 

The cost of throwing with the shovel is usually one- 
third of that of digging up. 

From BO to 120 square yards of surface of embank- 
ment can be " trimmed " in a day, 

Wben the net cost of performing any work has been 
sscertained, one-twentieth of it should be added for the 
cost of tools, Euperiatendence, &a. ; and one-tenth of the 
whole for the profits of the contractor, 

DUtance. The third element in the price of earthwork 
is the distance to which the excavations must be ranioved. 
If the road be on a side-hill, and be so located that the 
excavation from its upper side can be at once thrown over 
to make the embankment on its lower side, the cost will 
be little more than that of the simple excavation. But 
asually large amounts of earth require to be removed con- 
siderable distances, with great increase of expense. The 
methods to bo nniployed will vary with the circumstauces 
of the case, as will be explained under the head of "Con- 
Btruction." 

The comparative cost, per cubic yard, (according to 
experiments made at Fort Adams, ffew port, R. I.,) of ex- 
cavating earth, and removing it to various distances, with 
wheelbatTows, one-horse carls, and ox-carts, is given by 
the following table, which includes the coat of loosening, 
filling, and dropping; and estimates a laborer's wages at 
*1.00 per day of 10 boars; a horse, cart, and driver, at 
♦1.34 per day of fl hours; and an ox-team and driver 
♦1.60 per day of 9 hours. The earth was ploughed up 
at a cost of} cent per cubic yard. 
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Fran the preceding table it appears, that, with its data, 
ihe coal, after loading, of removing the earth 100 feet, 
was, in barrows, 4.43 cents per cubic yard ; in one-horse 
carta, .66 cent ; and in ox-carts, .56 cent. 

Some accurate e.xperimenls on the Birmingham and 
Gloucester Uailway* make the coat in barrows, per IOC 
feet, at $ 1 .00 per day, \y = 3.4 cents ; the experiments 
of M. Ancehnt give 'j'j' to 'jV = 3 to 5 cents ; the Ameri- 
can translator of SgaozinJ V;* = 5^ cents. 

It is usual in barrow-work, to consider any vertical 
transport of the earth as coaling eighteen limes as much 
as iJie same number of feet of horizontal distance ; though 
from accurate experiments it seems that the ratio should 
be as 24 to 1 for barrows, and as 14 to 1 for Lorw 
cuts.^ 



• Laws of Enea* 
tace|»^t26 



I and EnibaiikiiiaBt an Railway p. 13& 
1 Page Iia i GsyfUpr, p. 14G. 
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The coat of transport by any method will be eiprcsscil 
by ihe tormula — 

P(2D+rf) 
L x^C^" 
ID which P = price of day's work of the vehicle and its 

D = mean distance of Iransporl. 

d = distance which could have been gone over 
in the time consumed in each filling and 
emptying. 

L = the distance which would be gone over in 
a. day by the vehicle, proceeding without 
interruption at its average pace ; usually 
between twenty and iwenly-five miles, 
or between 100,000 and 130,000 feel. 

C = the cubic contents of the load, expressed 
in fractional parts of a cubic yard. 
Jf P = 134, D = 1500,*/ =1000, L = 100,000, and C = }, 
134(3000 + 1000) _ 



the formula becomes - 



- = 10.7 cents.* 



100,000 X ^ 

The complete cost, with one-horse carts, of excavating 
earth, transporting it, and forming an embankment, is very 
completely expressed in a formula enunciated in the Jour- 
nal of the Franklin Institute for September, 1841, by 
Ellwood Morris, C. E. 

The average pace of a horse carting embankment is 
taken at 100 feet of trip, and back, per minute; and the 
timelost in loading, dumping, &c., at four minutes per load. 

For the variable quantities the following symbols are 
employed : — 

a = number of feet in the average haul, or " lead," of 
the embankment. 

* For B (ubip lliua calculated, see Mnrlelte, p. 91. 



THB tOCATIOn or ItOAM. 

= number uf hours worked per day. 
c = doily wages of laborer, in ceiiu. 
d= " " cart, including driver and all 

penaes of carting. 
e = coal of loosening inateriaU, in cenU, per cubic 
yard ; ranging from one to eight, as slated on 
page 125. 
f = number of cart-loads required to form a cubic 
yard of bank. Usually 3 on a descending road, 
3]- on a level, and 4 on an Bsceoding road. 
= number of cubic yards which a medium laborer 
will load into a can per day, ranging from ten 
to fourteen, aa slated on page 125. 
Then ihe minutes in the day's work = 60 6 ; 

The rainules consumed 



ich trip = 



100 



1 



1 



The number of trips, 



r toads haTiled per day, is 
606 



The number of cubic yards hauled per day, is 
_ 606 

"/(i5o + 0' 

The cost of hauling, per cubic yard, is 



'/(rao + 



[AJ. 



Adding to this the cost of excavation = — , that of 

loosening = e, and that of trimming — 1 cent, we obtaiix 
for the total cost of a cubic yard of embankment. 



,*(lio + 



I 



[B]. 

Applying it to &n actual case, in which a = ] 
fc = 10, c = 125, d = 175, e = ZJ, / = 3i, g = 
(he formula [A] for the cost of hauling, becomea — 



o, /'•coo , A 



and the formula [B], for the total cost of a cubic yard of 

embankment, becomes — 

125 
2.5 +— + 14.3 + 1 = 28.S cents. 

The actual cost, with these data, on an amount of 
22,000 yards, was 27.9 cents, differing from the calcula- 
tion only three-lenlhs of a cent ; and on a total amount of 
130,000 yards, the actual and calculated costs in no case 
•liffered more than one cent. 

An easy approximate rule for the average cost of haul- 
ing one cubic yard any distance on a level, with such 
carts and rales of travel as those above referred to, may 
be deduced from formula A ; — 

For 300 feet divide the wages of cart and driver by 24 
500 " 



1000 ' 
1500 ' 
2000 
2500 
3000 



IS 
9 
7 



The greater the distance of the haul, the less is the 
proportional cost, m consequence of less time being lost 
in filling and dropping. 
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In excsTStton and embankment with (lie atraper or 
tcoop, ([lie use uf which will be explained under ihe head 
of ConsuuciiDn) the number of cubic ynrds moved per day 
of ten hours, a diatance expressed by a feel (adding Tenical 

height to hcnizontal distance) = — x'qoT-* "^ '''^ wages of 
Bcraper and driver be denoted by c cents, and cost of loosen- 
ing by d, the cost per cubic yard =d-\ — ' ^ . When 
a = 55, c = 275, and d = 1, ihe cost becomes^ 

, +5!i(l=+i5i)=, +9.7= 10.7 cem,. 
4200 

When an embankment la made of earth carried beyond 
a certain distance, (usually 100 feet in the direction of the 
length of the road) it ia paid for twice ; once as excava- 
tion and once as embankment, according to prices previ- 
ously stipulated ; but when carried less than this distance, 
(aawhen thrown from liieupperlollie lower side of aroad 
which is half in cutting and half in filling) only one price, 
that of the excavation, is estimated for ; and the amount 
of embankment in this situation must be subtracted from 
the total amount, before multiplying this by the embank- 
ment price. If a portion of an embankment ia required 
to be made of some peculiar material, which can be ob- 
tained only from a greater distance than the other materials 
of the bank, a separate and higher price should be estima- 
ted for it. 

In our estimate, thus far, we have determined only the 
cost of the excavation and embankment. 

The land to be occupied by the road is another impor- 
tant item. The quantity to be taken having been calcu 
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kted, with due allowance for ihe extra widlh of llie 
cullings and fillings, ia lo be reduced to acres in agriciil 
tural dislricls, and lo square feet in towns and villages. 
Its value, if not settled by agreement, must be deteiraincd 
by appraisers, who are, however, naturally too much in- 
clined to favor the interests of private individuals lo the 
prejudice of the company, or public body, which con- 
Gtitutea the opposite party, subjecting them lo the pay- 
ment of extravagant compensations. 

The cost ot fencing will vary with ihe locality. 

The mechanical structures, as bridges, culverts, &c, if 
numerous and large, add greatly to the cost of the road ; 
but, if important, must be confided to a professional engi- 
neer. 

The stonework is usually paid for by the cubic yard, 
but in some parts of the country by the " perch," of 25 
cubic feet.' Wood is paid for by the cubic fool, or 
"solid measure," when no one of it« dimensions is as 
small as some conventional limil, wiiich is usually 4 
inches; but "board measure" (one-twelflh of the former) 
is employed when the wood is 4 inches, or less, in any of 
its dimensions. " Running measure," referring lo length 
only, is used for simple constructions, which have small 
and regulsr cross-sections, as ditches, piles, &c. 

The Engineering expenses, including laying out, auper- 
mtendence, office-worki &c., are usually estimated at 10 
per cent, upon the amount of the other items. 

Every possible source of expense should be taken into 
the account, and an ample price for each allowed ; but, 
finally, at least 10 per cent , upon the total amount, must 
be added for Contingencies. 

■ More prrcixflly S4} ffel, iti MuidBrd beinf a rubble itutl, \Z\ feet 
long;, and 18 inch» thick. 
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Ercn then the actual expense will generally exceed tlie 
estimate.* Fur this upprobhum of the engineering pro 
fession there are many causes. 

The price of labor, as (lie work proceeds, particularly 
if it be one of magnitude, may rise far above what it was 
at the lime of the estimate. 

In a deep cutting, rock may be found, where earth v/n» 
expected, and the cost of that part of the excafation wiU 
therefore be increased tenfold. 

Many improvements in the plan of the work are lug- 
gestcd and adopted as it proceeds ; almost always wit!i an 
increase of cost. 

Finally, it must be confessed that many incidental ex- 
penses, trifling in themselves, but considerable in their 
aggregate, rarely fail to be overlooked in the original es- 
timate. 



6. FIHAL LOOATIOK OP TOE LIME. 

When the preceding operations of measuring, mapping, 
and calculating, have been performed upon each of the 
various lines of communication between the two eitremi- 
ties of the route, which have been considered worth sur- 
veying, their relative merits are to be examined. One 
may be shorter ; another more level ; a third may require 
less earthwork, and so on. The good and bad points of 
cacii route are to be compared by the principles laid down 
on pages 6S and 69, and that one adopted which will en 
able the most labor to be performed on it with the least 

* On Ihe Iwenly principnl rnilrDadi in England, the average propoitio* 
riullon was G3 per cent eiCfls ; in the greUeH, the coal wu ueuly dx 
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number of horses, provided the eipcnse of its construc- 
tion fall within ihe limils eslablishitd by calculation, or by 
necessity.* The persons who are lo make ihe selection 
snd decision shouid have before them, 

1. A general map of the localities. 

2. A profile of each line. 

3. Cross-aections at short interrals. 

4. The calculations of excavation and embankmenl. 

5. Drawings of ihc bridges, culverts, &c. 

6. Specifications of all the works. 

7. Amounts of stone-work, timber, &c 

8. Analysis of the prices of each. 
9 Estimate of cost. 

10. Estimate of revenue. 
11 Descriptive memoir. 
The final location of the line adopted is then lo be 
nade. It consists chieHy in — 

1. Rectification of the straight portions of ibe line 

2. Laying out its curves. 

3. Staking out its side'slopes. 

RECTIFICATION. 

The minor irregularities, benda, and zigzags of the line 
{caused in part by the transverse balancing) may often be 
removed by substituting for tiiem one straight line, which 
will be the average of their deviations on either side. A 
dagsiaff being placed at one end of the line, an observer, 
dt the other end, by signals directs assistants to place " in 
line" the rods which they bear ; and the points thus found 
aie marked by stakes, which are usually driven at every 
hundred feet. In Uie case of long lines, through a coun- 

• Parni-ll, pp. 322. 433. 
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lr>' of foreala, the use of ihe compass, or some other angu- 
lar inatrumenl, is almoxt indispensable, for it is slill an un- 
eulved problem in engineering, how, without the aid of 
these, ihc Romans attained the wonderful fttraightne«s 
with which they carried their roads over thickly- wooded 
hills and valleys, with such lofty disdain of the effecu of 
gravity. 

ng.60. 




When a hill rising between two po nts, as A and B, pre- 
vents one being seen from the other two observers C and 
D may place tliemselves on the ridge, as nearly as possible 
in the line between the two points, and so that each can at 
once see the other and the point beyond. C looks to B, and 
by signals puis D " in line." D then looks to A, and puts 
C in line. C repeats his operation, and so they alter- 
nately " hne" each other, continually approximating to the 
straight line between A and B, till they at last find them- 
selves both exactly in it. 

Whenawood,or some such obstacle, intervenes between 
the two points, as in Fig. 61, a different method must be 
adopted. The direction from A to B not being exactly 
known, leaving a rod at A, set up another at C, as nearly in 
the desired line as possible. Go on as far as the two rods 
at A and C can be SRen, and set up another at D, " in line' 
witli A and Gc on beyond D, and place another rod, 
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E, ir, line with D and C ; and so proceed, producing the 
straight line till it arrives at Z, opposite B. Measure ibe 
distance ZB, and move the stakes C, D, E, &c., towards 
the inie line by a quantity proporlional to their distances 
from A. Thus if AZ be 1000 feet, and ZB, the final 
divergence, be ten feet, a slake C, 200 feel from A, 
should be moved two feet to C, in order to bring it into 
the true line AB ; and so, proportionally, with the rest. 



The angles, which are formed by the meeting of the 
straight hnes established in the apprositnate location of 
the road, must be rounded by curves, to which the straight 
hnea must be tangents at their points of junction. 

On every curve there is an unavoidable loss of power 
in the deflection of vehicles from the straight line which 
all bodies in motion tend to follow ; and there is danger 
from the effects of the centrifugal force. The resistance 
is inversely as the radius of the curve, i. e., greater as the 
radius of the curve is smaller ; for the force required to 
draw a carriage around a curve may be considered as 
composed of two portions ; one equal to the force which 
would he required to draw it over a straight line of the 
same length as the curve, and the other dependent on the 
additional powi;r necessary, at each instant, to draw it 
into the curved line from the tangent in which it tends to 
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move. A certain amount of force being required lo pro- 
duce the entire change in direction, llie smaller the radiUB 
of a curve, the leas space and time is given for tlie exer- 
cise of this furce, and a larger share of it inust iherefure 
be exerted at each moment, with a great increase of labor 
and danger. 

Il is therefore very important that every road-curve 
should have as great a radius as possible. It should 
never be less than one hundred feet. 

When a curve is necessary upon a steep grade, the in 
clinatjun should be flattened at that place in order to com- 
pensate for the additional resistance of the curve. On 
this account a zigzag line up a hill is more objectionable 
than an oblique ascent by a straiglil line. 

The curves which are employed to unite straight lines 
are usually either circular or parabolic arcs. 

CIRCULAR Aaca. 

Having given two Fie- ^- 

slraight lines meeting 
at C, (or which would 
so meet, il produced) 
it IS required to mark 
out on the ground an 
arc of a circle to which 
these lines shall be 
tangents. 

The simplest mode 
for an arc of small ra- 
dius would be to find the centre, by erecting perpendicu 
larii IQ t!ie tangent lines at equal distances, A and B, from 
their point of meeting C. The intersection, O, of the 
perpendiculars would be the centre, from wliicli the arc 
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n ight be swept with i cord oi proper length. Bui 
curves are ofien emploved with a raiiius of one or more 
miba, HO thai this mcihod would seldom be practicable 
The curve inual iherefore be traced independently of its 
ceiilre, 

In praciice, instead of a circle, a polygon is marked 
out, with sides or chords each one hundred feci long. 
Stakes are scl al the ends of each of these chords, and 
are therefore in ihe circumference of ihe desired circle. 
The chords ihcmselvcs, in circles of large radius, will 
nearly coincide with the arcs. 

The question ih now, in what manner to fix the position 
of these chords. Two methods are in common use; one 
hy "angles of deflection," and the other by "versed 
sines." Tlie former is generally employed upon railroads, 
but requires ihe use of an angular instrument," The 
latter dispenses with this, and is therefore the one which 
will be here explained. 
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The stalions are supposed to be at equal disinncca 
(each of wliicli Js usuiilly a clmiii of 100 feet) and ilie 
versed sine to be given, or to have been found by trial. 
Assume it at two feet, nad let station 2 be the point at 
which the c irve is to begin. From station 2 measure in- 
ward, towards tlie centre, half the versed sine (or one 
fool) to 2', and place there a rod. Stretch out the chain 
from 2, and bring its farlher extremity into the line of 2 
and the back station 1, and it will fix station 3, at which a 
stake is to be driven. From 3 measure inward the full 
versed sine to 3' ; draw on the chain till its extremity ia in 
line with 3' and 2. and it fi.xes staiion 4. So proceed, 
measuring inward the full versed sine, at each staiion, till 
you arrive at the station {5, in the figure) where it is de- 
sired to end the curve, and to pass off on a tangent. 
There only half ihe versed sine is to be used. Staiion B 

is thus found, and the line 5 6 gives the direction of the 

final tangent, as 2 1 gave that of the initial one. The 

slalions 2, 3, 4, 5, ihua found, will be points in ihe cir 

cumference of a circle to which the lines 1 2 and 5 6 

are tangents. 

To find approximately intermediate poinU, measure 
outwards from the middle of each chord, a secondary 
versed jine = one fourth of the original versed sine. If 
more points are required, measure from ihe middle of the 
new chord, a lertiary versed sine = one fourth of the 
secondary one ; and so on. 

The versed sine has been thus far supposed to be 
known. To calculate it from the angle of two meeting 
lines, the following problems are required. 

Problem 1. To find ihe ladiua or the circular arc which 
naitra tm> atnigbi lines meeting it s given angle, the distance 
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points or ihe curve 
bcin^ also given. 

Id B^ure 64, ACB 
Is Lhc gL<enan|r|e, I 
A an J B tlie initioJ 
anJ Anal poinls, at 
equal dislaiicea fiora 
the point of inlersee- 
lion. The triangle 
CBO, right-angled at 

„rt tan. BCO x BC . 
KO = -j , 1. 

The required radius la equal to the naturd>l tangent (to 

unity) of half the given angle. Fig. G5. 
multiplied by (he dietance rrom 

the inleraeclion Id the beginning f -J^^^^^^'' \ 

or ending of (be curve,* ./\ '''' ' 

Problem 2. To find the versed /?.•'' ^\ \ 

■ine, having given the radius. At ' \ 1 

Given (he radius OA or OF, ,■' ~"---.,^ \ ! 
end any (wo equal chords, AE, | "~'"*-jli 

ftnd EF, required the versed ; 
Bine ED. 

ED' — AE' — AD' 

AD' - AO' — DO' - AO' — (EO ~ ED)' =^ 

= AO' — {AO — ED)' = 

= AC— AO' + 2A0 . ED — ED" ^ 3A0 . EO — ED'. 

.-. ED" = AE" — 9A0 . ED + ED' 

2A0 . ED - AE' 

ED = ^- 
2AO ' 

u <., the versed sine is equal (□ tlie square of the chord, di. 

*ided by twice the radius. When AE := 100 feel, the versed 

•ine is equal to 5(100 feet divided by the number of feiH in Ibe 

• AC and AB bring known. Radius OA = — -„ 
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ndiiii. Wheii ..E = CC !eei, the rersed tine eqiialt 3176 

feel divitleJ by tlio radiua. 
AVhen ihe lines, wliicli are lo bo united by a curre, do 
not nctually meet, ilie angle which (heir direclions form 
may be readily calculated ; but after a liiile practice it 
will be easier to assume some versed sine ; lo run a Irial 
curve with it ; and after ascertaining whether it be too 
large or too small, to assume another nearer the proper 
)ne, and so proceed. 

Compound Curves. The above method supposes thai 
the curve has ihe same radius, or degree of curvature, 
throughout, and that it unites the two tangents at equal 
distances from their intersection. But it is often required 
to increase or to lessen the degree of curvature, and thu 



n the figure. To effect 
Fig. 66. 



v 





lo form a " compound curve," as ii 
this, at the station where the change 
is to be made, use, for measuring ; 
inward, half the sum of the old and 1 
new versed sine, and thence pro- 
ceed wiih the new one only. Thus, 
if 2 feet has been the original 
versed sine, and the features of 
the ground which is next to be 
passed over require a curve of 6 
feet versed sine to be employed, at the desired point use 
a versed sine of 4 feet, and thenceforward one of feet. If 
the curvature is lobe lessened, the same rule applies. 

Reversed Curves. It is sometimes iiecessary lo reverse 
the direction of a curve, and to commence curving in a 
contrary manner, wilhout allowing a straight line to in- 



fill dppart from the 
B diatauce rnqiiicrd 



aFC-=OC -0F = V(OA' + AC«J — OA 
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terrene. At one chain beyond the point at which il is 
desired to make the change, place a stake in ihe line of 

, the two last, and at it begin lo use the proper versed sine 

I in the contrary direction. 



The following method furnishes an easy means of ob- 
I toining a Parabolic curve. 




Divide the two tangent lines 1.... 13, and 13...,1 2, {wheliiei 
of equal or different lengths) inloilie same number of equal 
^parls, as many as may be thought necessary. Number 
the points of division on one tangent with the odd num- 
bers I, 3, 5, 6cc., up lo the vertex ; and on the oiher tan- 
■gent number them, from llie vertex, willi ihe even numbers 
S, 4, 6, &c. Join the points 1 and 2. 3 and 4, 5 and 6 
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and so on ; and the inner intersecliona A, B, C, D, £, wit 
be points in the curve desired. 

To fix the points of this curve upon the ground, tall 
slakes must be placed at each of the poinls of division of 
one of the tangent lines, and two men be stationed on the 
other. One places himself at elation 1, and directs his 
eyes to station 2. The other places himself at 3, and 
looks to 4. A third man, holding a rod, is moved, by al- 
lernale signals from each of the others, till he comes to a 
point which is in both their hnes of sight at once. This 
will be the point A. The man at 1 now passes to 5, and 
looks to 6, the other remaining at 3. The rodman, being 
again placed in both their lines of sight, thus fixes the 
point B. The remaining poinls are similarly determined. 

The Parabolic curve, iliough htlle used in this country, 
is generally preferred in France, and has the following 
advaniages over a circular arc. 

It approaches nearer lo the intersection of the tangent 
lines ; and as they are supposed to have been originally 
placed on the most favorable ground, the less the curve 
deviates from them, the less increase of cutting and fUiing 
will it cause. The more numerous the divisions, the 
nearer does it approach the tangents. 

Its curvature is least at its beginning and its ending, so 
that its deviation from the Btiaight line ia less strongly 
marked. 

It can join two straight lines of unequal length, aa in 
the figure ; while a circular arc, of constant radius, re- 
quires both the tangents U) meet it at equal distances from 
tlieir intersection. 



I 



I 



Tlie line jf ihe roatl having been marked oui by ihe 
mcihods which have now been given, and slakes set at 
thftcnd of every chain, small "level pegs" are then lo be 
driven beside ihcm, wiUi iheir lops at ihe surface of ihe 
ground, and their heights above or below the intended 
height of the road (i. e. its " grade hne") are to be ascer- 
tained by a levelling instrument, and the corresponding 
" Cut" or " Fill" marked upon the large slakes. 

Another form of the levelling field-book, belter adapted 
for this work than that given on page 98, though* less safe 
for beginners, is presented below. It refers to ihe same 
stations and levels, noted in the previous form of page 98, 
and shown in fig. 43. 
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In the above form it will be seen that a new column is 
introduced, containing the Height of the Instrument, (i. e. 
of lis line of sight,) not above the ground where it stands, 
but above the Datum, or alarling-point, of the levels. 
The former columns of " Ascent" and " Descent" are 
omitlcd. The above notes are taken thus. The height 
of iho starting- point or "Datum," at A, is 0.00. The 
Inslrument being set up and levelled, the rod is held at A. 
The Backsight upon il is 2.0(1 ; therefore the height of 
tlie lusiriimenl is also 2.00. The rod is next held at B, 
10 
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The Foresight to it is 6.00. That point is .hereforc COO 
below tlie inatruinent, or 2.0U—G.00= — 4.00 be)ow the 
datum. The instrument is nav« moved, and again set 
up, and ihe backsight to B, being 3.00, the III. Insl. is 
-4.00+3.00= — 1.00, and so on ; ihe Hi. Insl. being al- 
ways obtained by adding the backsight to ihc height of 
the peg on which ihe rod is held, and t!ie height of the 
iie.vt peg being obtained by subtracting the foresight lo 
ihe rod lield on that peg, from the Ht. Inst. 

When the road is level, ihe " Cutting" or " Filling" at 
dny point is the height of ihat point above or belov^ ihe 
level line. But when, as is generally the case, ihe road 
ascends or descends, farther calculation becomes neces- 
sary. The following ia a form of Grade book, conrenienl 
for beginners 
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The first six columns are similar to those of the form 
just given. The 7lh column g'res the rise or fall of the 
grade for each distance. The 8lh is obtained by a con- 
tinual addition of the preceding. The 9th is the differ- 
ence of ihe 8th and the 4lh, and is convenient for the 
subsequent " Staking out ihe aide slopes," The lOth 
and 11th are the Uiii'erence of the (ith mid the 8th, as on 
jMge 1 Ifi. On eluking out side-slopes, see p. 457. 
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CHAPTER III. 

THE CONBTRCCTION OF B0AB3. 

nt stops it not ; the Taggrd rock 
Opens, and Ivls it iu ; aad on it runs, 
Winning itii'iisy way (rotn clime to elimoi 
TtiKHigli g\tat Inck'd up before." 



The actual " Constmclion" of a roaJ, after lU " Lo- 
cation" has been completed, may be carried on by daya' 
work, under the superinlendence of ihe agents of the com- 
pany, or town, by wliicli it has been undertaken ; but ii 
will be more economically executed by contract. A 
"Specification" la first to be prepared, containing an ex- 
act and minute description of the manner of executing 
tlie work iu a!l ils details. Copies of il, with maps, pro- 
files, and drawings of the proposed road, iScc, are to be 
submitted lo the inspection of the persons desiring to un- 
dertake it, who are to be invited by advertisement to hand 
in sealed lenders of the prices per cubic yard (or other 
unit of measurement) at which they will agree lo perform 
the work. The proposals are opened on the appointed 
day, and the lowest are accepted, other things being equal. 
The " Cont 'act" which is to be then signed by the par- 
lies, should :ontain copious and stringent conditions as lo 
the time and manner of performing the work ; stipulating 
when it is lo be commenced, how rapidly to progress, in 
what order of parts, and when lo be conpleled , which 
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of ihc incidental expenses are to be borne by the con- 
tractor, and for which he is to be remunerated ; in 
what cases material carried from excavation into em- 
bankment is lo be paid for at the united prices of both; 
what penalties for neglect are to be imposed ; when pfly- 
incnta for work done are lo be made ; and so on ■ always 
remembering that every thing must be expressed, and 
nothing left to be inferred.* 

The specification is considered to form part of the con- 
tract, and a " Bond" Is appended, by which the contractor 
and his sureties arc " hotden and firmly bound" in a 
penal sum, "ihU bond lo be null and void, if the said 
parties shall faithfully execute and fulfil the accompany 
ing Contract." 

Each contract should include such a length of rodd, 
called "a section," (usually half a mile or a mile long) 
that materials for the embankments maybe obtained from 
cuttings within ila hmits. There should be separate con- 
tracts for the mechanira! structures required. The works 
which will need most lime for their execution should be 
commenced first; but no contract should be let, till the 
land which it includes is secured, or exorbitant demands 
will be made. 

It has been said that the lowest bid is usually accepted, 
but this is to be taken with great qualifications. The ■ 



■ In llie coiilracta for Iho public works of tho atiile of Ntw York, otib 
faluubte pamgrapli comprelieiids every tiling, saying, " To prevent atl 
dtspules, it it hereby ugnjed, that tlie engineer bIihII in ati comih determine 
the amount or qnsntily of (be several kjnda of nark which are In be paid 
for nnder (his contract, and the amount of compensation Et cimlrar:! priced 
tti be paid Ihereror ; and alao lliat BUid engineer ahull i:i M raifx dAcidn 
every quealion, whicli con or may arise, relating to the exeffution oltliii 
coutract on the pun of the uid 0}ntraclor, and liii eatirj^le aad deouiail 
■hall be l^niil and concl naive." 
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skill, compelcncy, chararter, and responsibility of Uie 
conlractor are as itnporlant as tlie iowness of his prices. 
A skilful and eiperiencnd conlraclor will often make a 
profit on a work, which anolher has abandoned after con- 
siderable loss. Bids, lesB than the actual cost of the 
work, are often made, both from ignorance and from kna- 
very. In the former case, if the proposals were accepted, 
the contractor would be ruined, and obliged to leave the 
work unfinished; in the latter, he would hope to gain 
Homething by doing first the easy and profitable parts of 
the work, and ihen abandoning it. In both cases the 
remaining portions would be executed at greatly in- 
creased expense. Si.t contracts in England amounting to 
♦3,000,000 being abandoned, were finished by the com- 
pany, and cost them $6,000,000. The engineer should 
therefore ascertain the lowest amount for which the work 
can be done, and not let it for less. 

The work done is usually paid for monthly, according 
to a measurement made by the inspecting engineer. Five 
or ten per cent is generally retained till the completion of 
the contract. 

The two main divisions of the operations necessary in 
the construction of a road, are its earthwork and ita 
mechanical structures. 



1. EABTHWOBE. 



The term earthwork is applied to all the operations in 
excavation fand embankment, whatever the material. 



The problem which is to be solved, both in theory and 
practice, is, " To remove every portion of earth from the 
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cxcaraiion lo liie embankment by the shortest dielance, in 
the eliortciil time, and al ilie least expense." 

U must also be tIcpositciJ so aa to form a consolidated 
mass, and so that not - particle of it will need to be again 
moved. 

The problem is Ycry imporlant in practice, for upon iu 
mode of solution depends a large portion of the cost of 
the work ; and in theory, it requires the aid of the higher 
Calculus, since, to satisfy its conditions, the sum of the 
products, arising from multiplying all the elementary toI- 
umes of earth into the distances which ihey are carried, 
must be a minimum. 

We have seen, on page 123, that in iFie simplest case, 
that in which the whole of one excavation is lo be carried 
into one embankment, we may use the product of the 
.entire mass multiplied by the distance of tlie centres of 
gravity of its two positions. But when certain portions 
of a cutting are to be deposited in spoil-banks ; others lo 
form part of an embankment, of which the remainder is 
to be obtained from side-cuttings ; &c.. It dues not appear 
a priori what arrangement would give a minimum ex- 
pense. In a few cases llie proper course is evident; as, 
if a hill is to be cut down, and its materials serve only lo 
fill up a valley, and are in excess, the excavation from its 
summit is clearly the portion to be deposited in spoil- 
bank ; if the materials are insufGcieiit to form the em- 
bankment, it is the part most distant from the hill which 
should be formed from a side-cutting ; if the excavation is 
lo be carried in two different directions and is in excess, 
it is the part of the middle which should be rejected and 
deposited in spoil-bank. 

One genera] principle of transport may be readily de- 
duced. Let ABCD represent the plan of an excavation 
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from which the embankment EFGH is to be formed. If 
ihe volume CDik, insiead of being taken to GH/m, should 
■be transported to EFon, it follows that the embankment 
Glllm must be obtained from a portion of the excavation 
beyond the line ik, and that llie paths of the two volumes 
will cross each otlier, which is therefore a disadvantageous 
disposition, since it increases the distances passed over. 
Any such crossing of the paths of the volumes trans- 
ferred, either horizontally or vertically, may be generally 
avoided by conceiving tiie solids of excavation and em- 
bankment to be intersected by parallel planes, such as 
UCHG, ik, Im, &.C., and by transferring the partial solids 
in the manner indicated by the boundaries marked out by 
these planes. 

Iq miny cosea tbe most eeoDomical distiibutioa of the eitili, 
can be determined Doly by 
special 



Fig. 71. 
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takea hc^ A and B U " "' 
form embankments at C 
and D ; il ia lequirEd la 
kaow which should rorm 
the emhantmeat at C,and 
which that at D. To bring 
the case within the ap- 
(lUcalioo at the piiociple 
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Juit enancialed, conceive the iTiangla ABD to turn aroond Ibe 
line AB &« on « hing«, so that the point D comet to occupy a 
point V, Bymnielrical willi its fi)tmcr posilioo. 

It ia now evident ihiti lu avuiJ ilie ciossiiig ur the palhs, Ibo 
earth from A must he laLen to D', (i. e. D} and lite earth rcoin 
B to C 1 AD' + BC being less than AC + Bly. If the point 
V had fallen bejond C the reverse would have been prnper. 
If the point D' had HilleD within the triangle ABC, ll>ere would 
be no crossing it) either mode of tianspurt, but the propei ona 
would be determined by a similar algebraic condilion.* 

The choice would be ioJilTerenl, if 

BC — AC^BD — AD, 
orif AD — AC = BD— BC; 

for then, AD + BC ^ AC + BD. 

Two poinle, A and B, Fig. ~-2, being found which fulfil this 
WDditioD, other poiula wilt be found at 




described from C and D as centres, with radii of which Ibe dif* 
fe re nces are reepeeliTely equal to the gi'en difference AD— AC, 
or BD — BC. If a great number of these points were fonnd, 
the polygonal line ABEFG would become an hyperbola, pos^ 
•easing the remarkable properly of bo diiiding the transporla- 
tion, that C should receive all the excavation fioni one side of 
il, and D all from the other. 

Suppose that embankments at C and D, Fig. 73, are to be 
made from a mass of earth maiip, just equal to them in volume. 
The minimnm oT expense will be obtained by finding the curve 
AU, which shall divide the arcu mduji into two parts equal to 



■ G-jllWf, p. I3A 
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Fig. 73. 




ihose required at C and D, and which shall alqa pnasess (he 
pruperties enunciated in (he preceding paragraph. If the line EF 
drawn perpendicular lo CD, rrom iis middle E, does not cut nff 
a sufficient portion of the ares to supply D, ihls shows that ihc 
curve will be concave towards C. Then divide geometricallj 
the area mnop in the required pioportion, Iij a straight line rt, 
inclined spproiimalely as the curve would be, and adopt ils 
middle point as a point of the curve. Then will BD — BC be 
the constant difference of radii required to End the other poiut« 
of the dividing curve. 

If the amount of embankment, which might be deposited at 
C and at D, was indefinile, and the only requirement was its 
most economical removal from maop, then (he perpendicular EF 
drawn from (he middle of CD, wonld divide the area into two 
portions, which should be remuvod lo the points C and D rc- 
apectively nearest lo each of them. 

On similar principles may all such problems be resolved. 
Modifications of them are required, when the paths cannot be 
taken at will, as when a bridge, or an opening In a wall, is a 
point through which all (he paths must pass. The number 
of bridges, of openings, of rcai'a, &<:., which will be tnosl od- 
TUita^ous, require separate investigations.* 

• See GayfEer, pp. 137 lo 149. 
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EXCAVATION. 
The excavation and removal of earth is performed, oo 
cording to circumstances, by ploughs, scrapers, barrows, 
carts, wagons, &c., each of which will be auccessirely 
considered. 



Most earth will require to be loosened with plotjgha, 
spadea, or picks, before being shovelled into the barrow, 
or cart, in which it ia to be removed. The side-hill 
plough possessps some advantages. The picks should 
be two feet from pomt to point. Hot more than [en or 
twelve pounds in weight, and very deep and strong in the 
eye, or socket of [he handle. Light and loose soil may 
however, be at once (aken up with the shovel. 

When the excavation is deep, the loosening may be fa- 
cilitated, with a great saving of lime and labor, by digging 
a narrow channel to a dep[h of five or six feet, and under 
milling the face of tlie bank thus formed, letting it fall at 
once into the barrows, or carts, beneath it. Its disruption 
is hastened by wedges driven into its upper surface. The 
concussion of the fall breaks up the mass into small pieces, 
with great economy, but not without danger to the work- 
men. 

In the ordinary excavation, in which the earth is dug 
up, the united cohesion and weight must both be ovei- 
come ; in the method just described, the weight as.sisls in 
overcoming the cohesion. Representing the force of co- 
hesion bj 3, and that of the weight by 2 ; if both are to 
be overcome, as m the usual method, their resif,[ance will 
be3 + 2=5; while if the weight be made to assist the 
woi^man, the resislance will be only 3 — 2 = 1. 
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•Steam has been applied to excavation, and a macliine 
constructed, which can dig and load 1000 cubic yarda per 
day, ill favorable soil at an annual cost, including inter- 
est, vk'eur and tear, labor, &c., of $7,500, making tlie 

.. . «7.500 

cost per cubic yard. 300^,030 = ^' ""'"- 



This implement may be used with much advantage, 
when the earth yields readily 10 the plough, and h not to 
be moved more than 100 feet horizontally, nor to be 
raised to vertical heights of more than 15 feel; though 
these limits may sometimes be exceeded. The slopes of 
the banks which it forms, should not be steeper than 1^ 
to 1. It usually contains j\ of a cubic yard.t The 



F'g-T*- 




ground, except when soft or sandy, requires to be previ 
ously ploughed. The scraper is drawn by two horses, 
managed by a boy. The driver elevates the handles, and 
the iron-shod edge runs under the iooae earth, rising up 
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»gmt\ ns soon as the handles are rcleaecd opon its being 
filled. Ii ihen runs with slight resistance upon Iwo con- 
yex iron-shod rnnners, which project sHghtly beyond ita 
bottom, and is thus drawn to the place of deposite. At 
that point the driver raises the handles ; its front edge 
catches in the earth, and its forward motion OYcrtums it, 
snd discharges its load. The horses keep moving ; and 
ihe scoop is dragged back lo the place of escavalion, in 
its inverted position, llie handles resting on the tree. It 
is there loaded, Sec, as before. 



For excavations of moderate depths, and for distances 
within certain limits, harrows are most conveniently em- 
ployed. To facilitate emptying their contents, the bar- 
rows are niade very shallow, with splaying sides, and with 
a very short axis lo the wheel- They contain from j'j to 
■fV of a cubic yard. They are wheeled on "runs" of 
plank, (as long and thick as possible) laid on the ground, 
or supported on trestles, or horses, numerous enough to 
prevent vibration. When the tracks are inclined, as in 
ascending from a deep excavation, they should be laid 
with a slope of one in twelve.* A steeper slope faligues 
the workman excessively ; a flatter one increases loo 
much the length of his route. The same man does not 
usually dig, shovel, and wheel, but great advantages are 
obtained by a division of labor. One man picks, (if that 
be required) a second shovels into the barrow which stands 
on the edge of the excavation, and a third wheels the bar- 
row to the place of deposile, or to the next " stage," ac- 
cording to the distance. In the latter case, at the end of 



i 
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the " stage," lie meets another wheeler, returning with an 
empty barrow. The two there exchange their barrows; 
the second man wheels on the loaded one over another 
stage, while the first man returns with the empty barrow 
to the excavation, where he finds a loaded one, whicl. has 
been fiilcil during his absence ; and so ihe circulation 
continues. 

The length of ihe "stage" should be such, that (he 
time, lakcii by the wheeler to travel over it with a loaded 
barrow, ami to return with an empty one, should be jusl 
sufficient lo enable the shoveller to fill the barrow left at 
the excavation. It should vary therefore with the nature 
of the soil ; IcsBCning, if this be easily worked, and in- 
creasing, if it offer greater resistance. On a level the 
length of a stage is usually from 60 to 100 feet. On an 
ascent of 1 in 12, it should be diminished by one-third ; 
on a similar descent it should be increased by the same ; 
for with this slope the labor on an ascent of 60 feet ex- 
actly equals a level stage of 90 feet." 

If ihe distance were not divided into stages, and one 
man wheeled his barrow the entire length, a number of 
runs would require to be laid from the excavation. Such 
an arrangement would be inconvenient, from its blocking 
up the work, and expensive, from the cost of the plank. 
At the point where the nin terminates in the excavation, 
two planks are placed, diverging like the letter Y, the 
fiill and the empty barrow being wheeled on each alter- 
nately. At the meeting of two stages, a double track is 
laid, lo form a turning-out place for the exchange of the 
barrows. Al the place of deposite, several planks should 
radiate from the main track, ho that the earth may he at 



■ Dopiii. AppiicatioBM de la Otametrie. 
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ORce evenly distriljiiled, by being empiicd from eacli in 
turn, ihiis saving much Bubseqiient levelling. 

Barrow- wheeling becomes too expensive after rear.hing 
a certain limiiing distance of transportation. The frequent 
neglect of this consideralJan leads to much waste of labor. 
When earth is lo be conveyed great distances carls or 
wagons should be employed. The limit is determined 
by a combinaiion of the cost of filli'ig and of trans porting. 
The table on page 128, makes it 100 feet; the limit in 
France, with barrows containing j'g^ of a cubic yard, should 
be 200 feet; on English works, with barrows holding r', 
of a cubic yard, the limit is 300 feet. The limiting dis- 
tance becomes smaller as the height to which the earth 
is moved becomes greater.* 



One-horse carts may be advantageously employed for 
distances exceeding the sphere of barrows. For short 
distances, the greater proportional loss of time in filling 
them more than balances their economy while moving. 
They should be made very light, and their box be bal- 
anced on a pivot, so lliat when loaded [iicy will tend to 
discharge themselves.t As ihe distance increases, wag- 
ons, drawn by two borses, become cheaper, and a tempo- 
rary railway may often be constructed with profit. 

When the length of the lead, (i. e. the distance from 
the face of an excavation to the head of an embankment) 
exceeds 1^ miles, and the amount of earthwork is con- 
siderable, a locomotive engine may be advantageously 
employed to draw trains of wagons upon the rails. 



• Gayffier, p. 159. 
t When horses draw loat 
UBck ihonld Dot eioeed 1 i: 
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" Casting up by stages" is a method someliinea em- 
ployed for removing llje earth from deep excavalions. A 
scaffold is prepared wilh a number of platforms, each five 
feet above the other, and each successive one receding, 
like the steps of a staircase. On each platform stands a 
man with a shovel. The laborer in the excavation throws 
ihe earth upon the first platform ; the man there stationed 
llirows it up to the second i and so on in succession till it 
readies the surface. 

Horse-runs are also resorted to in very deep excava- 
tions, where the banks are necessarily very high and steep. 
Upon the slope of the bank are placed two plank " runs," 
or tracks, reaching from the top to the bottom of the ex 
cavation. The distance between [hem must be a little 
greater than ihe depth of the excavation. At the top of 
each is a pulley, over which plays a rope, the ends of 
which pass down the runs. Each end of the rope is 
fastened to the front of a barrow, and its length is so ad- 
justed that one barrow will be at the top of one run, white 
the other barrow is at the bottom of the other run. At 
the top of the excavation, a horse, attached to the rope, 
travels horizontally, alternately raising one barrow, which 
has been filled below, and lowering the other, which haa 
been emptied at the top. A man has hold of each bar- 
row to guide it in its ascent and descent, the weights of 
the men balancing each other. This method is advan- 
tageous for depths exceeding 20 feel.* The use of bar- 
n such cases, with the proper inclinations for the 

^ nins would require too great a distance to be travelled 

i over. 




THE CONSTRCcriON OT ROADH. 



SPOtl.- BANKS. 



The spoil-banks, formed 
cavali 

Fig. 75. 



plus earth of an excavation, ( 



the depoailes 
usually 



Jiaped, I 



figure, with side-slopes of 1 J to I. If the land which 
ihey occupy be of little value, it will be economical lo ex- 
tend them along the line AB, making tliem wider and 
lower within certain limits ; since vertical transport costs 
so much more than horizoiilal.' The solution of the 
problem of minimum expense shows thai for spoil-baiika 
made with barrows, (slopes 1^ to 1, and employiiig the 
customary ratio of 18 to 1, for ihe comparative expense 
of horizontal and vertical transport) the base AB should 
bejifteen times the height,! 



To preserve the slopes of deep excavaiions from benig 
guUied and washed down into the road, a ditch should be 
made along the upper edges of the cutting, in order lo 
prevent the surface water of the neighboring land from 
reaching it. Upon the slopes tliemselves should be made 
ditches, called "Catch-water drains," running obliquely 
downwards, to receive the water of rains, and conduct it 
into the aide ditches. 

The side-slopes may be advantageously sown with 
grass-seed. The roots of the grass will bind the earth 



I 
I 



16: 



together, and prevenl its ^lippiig. 

inciics of good soil should be prev; 

side-slopes, but if tliey are steepur ilia 

will not lie upon ihera. They may al 

sods being laid on, either willi the gra 

or edgewise, with their facea al right angles to t!ie slope. 

The latter, " Edge-aodding," is the moat ef&cient, but 

most expensive. 



overing of 3 or 4 
s Y spread over the 
1 I| to I, ihe soil 
) be sodded ; the 
s side uppermost. 



When the excavaLion exceeds a certain depth, it will 
be cheaper lo make a tunnel as a substilute. The amount 
of excavalion will be much less, but the cost of each yard 
of it will be much greater. Calculation in each case 
can alone decide at what depth it would be economical to 
aband'in the open excavation, and to commence the tun- 
nel. Sixty feet is an approximate limit in ordinary earth. 
The necessity for tunnels seldom occurs, however, in the 
conalrucfion of common roads, though frequent in the 
great roads of the Alps, and on railroads ; in the chapter 
devoted to which they will therefore be more fully noticed. 



Not only rock, but frozen earth, and sometimes very 
compact clay, are removed by blasting with powder. 
The holes are drilled by-a long iron bar of the hardeat 
steel, chisel-edged, which is raised and let full on the de- 
sired point, and at each stroke turned partially around, so 
that the cuts cross each other like the rays of a star *. 
The holes are made from 1 to 3 inches in diameter, and 
Irom 1 to 4 feet deep. One man can drill in a day 18 
inches, of one 3 inches in diameter, in rock of average 
iiardncsa. When water percolates iito the hole, it musl 
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be dried wiili oakum and riiiicklimc, and the powder en- 
closed in a waler-proof carlridge. Tiie proper proportion 
ol powder being introduced by a funnel and copper lube, 
(so that none may adhere to the side) a wadding, of hay, 
moss, or dry li^rf, is planed upon il, and the remainder of 
the hole is filled with some packing material. This is 
usually sand, but by far the best, for safety and efficiency, 
is dried clay, rolled into balls or cylinders, and dried al a 
HRiiili's forge, as much asacan, be, without its fulling to 
pieces. The next best material is the chippings and dust 
of broken brick, moistened slightly while bi;ing rammed. 
An inch or two of the wadding being simply pressed 
down upon the powder, the filling material is rammed, or 
" lamped," with a copper wire, till it becomes very com- 
pact. Through il passes, from the powder to the surface, 
some means of ignilion. A straw, filled with priming 
powder, and ignited by a slow match, was formerly 
employed for this purpose. But of late years this has 
been generally, and should be universally, superseded by 
the safety-fuse. This has the appearance of a common 
tarred rope, and is so prepared that the length of it, which 
will burn any given time, can be exactly known, so that 
no premature explosion need be feared. 

The proper charge of powder, and the direction of the 
holes, are very important, both for efficiency and econo- 
my. The usual charge is ong-third of the deptii of the 
hole ; but such a rule is evidently irrational, for the 
amount of a charge so proportioned will vary with the 
bore. The proper regulator of the charge is the length 
of " (lie line of least resistance," i. e. the shortest dia 
tancc from the uulk cf the powder to the oulside of the 
rock. Thus in the figure, AB being the hole bored, and 
B the powder. BC is the " line of least resistance,* 
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ItWl 



which shouM not be in the direction Fig 76, 

of the hole bored. The proper charge 
depends on it, and iitil at all on llie ; 
depiii AB. Tc produce similar pro- - 
poTlionai reauh: in difTercnt b1a»lH, 
llie charges must be as the cubes of 
the respective lines of least resisl- 
lUice. Thus, if four ounces of pow- 
der will just suffice to blast a solid roch in which BC la 
2 feet, the charge for another in which BC was 3 feet, 
would be given by the proportion 2' : 4 : : 3' : \'i\ ounces. 
On these data the following table is formed.' 




LIm nf laiil 


powdoi. 


LiHorioui 


Ch>r««or 


1 

I fi 

3 
S 6 
3 

3 e 


Un-Qi. 

if 
4 
D 7 

13 

1 5 


TtKX. Inchu. 
i 

4 B 

5 
6 

7 
8 


Lbi. Oi. 
S 
3 \U 

s u\ 

Q Vi 
10 11} 
16 



The following table will also be found very convenient 



i 



ilK hglB. 


r^iwdMlnme 


iZi of hole!' 


*ipLhorhnl,l«cno»ln 
o«ll..i>f|»wd.i. 


1 

I' 


0.119 

0.943 
1.676 

a.eiH 

3.770 


LbL Oi. 

s.oas 

11.304 

1 4.11-2 

I 15.416 
3 13.340 


Incbn. 

38.197 
16.976 
9.549 
6.113 
4.344 



Lcndou MKhitii^cs' Magazine, iiiiii. 597, Deo 1810 ; and pn.re» 
M pap^n or Royal Military Eui^ncen, vol. 4 
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Fif. 77. 



When ihe rock is stratified, _ 
having beiJs and scams, as in 
tlic figure, holes bored paral- 
lel lo ilie joiiiis will produce 
much greaier elfecl than t!ie 
usual verlical mes. 

When a rocky surface is lo 
be cut down to a line AB, the holes should be oblique, as 





ia the figure In some cases, a horizontal one, from B 
towards A mould be advantageous 

On a high fare of rock a system of undermining may 
be usefull) employed, by blowing out a mass below, and 
removing the remainmg oveHnngmg portion by crowbars, 
wedges, &c. 

The crater, or cavity formed by an explosion, is as- 
sumed to be a truncated cone, which has its inner or smaller 
diameter equal to half the diameter of the mouih of the 
crater. It has been found by experiment thai the outer 
diameter of the crater may be increased, in ordinary soils, 
by excessive charges, to three times the length of the 
'■ line of least resistance," but not much beyond this; and 
that within this limit this diameter increases nearly in the 
ratio of the square root of the charge. 

The most unfavorable situation for a charge is where a 
re-entering angle is to be blown out, as the rock all around 
it exerts a powerful resisting pressure. The charge needs 
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to be propariionally increased. Tliis case conslanlly oc 

curs in blasting out narrow passages. 

No loud report should be heard, nor stones be ihrown 
out. The best effect is producer' when the report is 
trifling, but when the mass is lifted, and thoroughly frac- 
tured, williout the projection of fragments. If the rock 
be only shaken by a blast, and not moved outwardly, a 
second charge in the same hole will be very effective. 

Any kind of compact brush, such as pine or cedar 
bouglis, laid on rocks about to be blasted, will almost 
completely prevent the flying of fragments, and thus les- 
sen the danger to persons and buildings in the vicinity. 

The safely of blasting operations may be greatly in- 
creased by applying galvanism to the ignition of the 
powder, which can then be effected al any distance. 
By its aid a row of blasts can be exploded simultaneously, 
by which their effective power is greatly increased. In 
this way, a single blast, of nine tons of powder, contained 
in three cells, removed one million tons of rock from a 
cliff al Dover, with a saving of $50,000 

KMBANKMENTS. 
Perfect solidity is the great desideratum in aiiiflcial 
road-making. Every precaution must therefore be em- 
ployed, in forming a high bank, to lessen its tendency to 
slip. From the space which the bank is lo occupy, all 
vegetable or j.orishabIe matter, and all porous earth and 
loose stones, should be removed. On this space the 
earth Is tlien deposited, to form the embankment, wliicli 
is usually made of full height at its commencement, and 
is extended by " tipping" earth from the exlrcmiiy, and 
BO carried out on a level wilii llie top surface. But an 
embankment thus formed will be deficient in compact 
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tics! ; for the particles of earth, wliich are cinplicJ from 
ihe lop of llie bank, will temporarily stop in iheir descent 
at Ihe point of the nlope at which the friction becomes 
sufScienl to balance their gravity ; and when more earth 
comes upon them, ihey will give way and slide lower 
down, cauaing the portions above thetii Lo slip and crack/ 
ajid thus delaying for a long time the complete consoli- 
dation. 

This method is, however, cheap and rapid. Its rapid- 
ity will be increased by obtaining more " lipping places," 
which can be effected bj forming the bank at first wider 



Fig. m 




at top, and narrower at bottom, than it is finally to be, 
(i. e. forming abed inslead of ABCD)and subsequently 
throwing down the superfluous earth from the lop to give 
the proper width at bottom.* 

The solidity of embankments, which are made by 
lipping from the ends may be increased by forming the 
outside portions of the bank first, and gradually filling up 
towards the middle, so thai the eanh may arrange itself 
with a tendency to move towards the centre, if at all.t 

To ensure the stability of embankments, ihcy should, 
however, be formed by deposiling the earlh in successive 
layers or courses, not more than three or four feet thick ; 
and the vehicles, conveying the materials, should be re- 
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quirea lo psss orer ihe bank al cacli trip, so as to com- 
press the earili. If the case warranted the expense, each 
course miglil with advantage he well rammed. To lea 
sen the danger of slips, ihe layers should be made Bonie- 
Flg. BO. 



whal concave, as in Fig. 80. If made convex, as in the 

next figure, and as they are apt to become, in the moat 

Fig. 81. 



k 



natural mode of forming tiiem, portions would tend to 
slip off in the direction of the laj'ers, while the arrange- 
ment of concave layers would resist, instead of assisting, 
any slip. A framework of timber has sometimes been 
inserted in a bank lo binii it more firmly together. 

An embankment should always be formed at first of its 
full width, and not, from a mistaken economy, be at first 
made narrow, to be subsequently increased by lateral ad- 
ditions ; for the new portion will never unite jierfectly 
with the old. 

At the foot, or " loe," of the bank, a slight excavation 
may be made to resist its tendency to spread, or a tow 
hul massive atone wall may be there erected. 

'I'he slopes, like those of cxcavaiions, should be grassed, 
or sodded. If exposed to the action of water, a row 
of planks, grooved and tongned, and sharpened ai bottom. 
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ahouH be driven at tlieir foot, forming a " sheet-piling , ' 
and llie slopes themselves should tie protected wilh a 
' slope-wall,'" composed of rough stones, from one to two 
feel thick, laid without morlnr, wilh their faces at right 
angles lo the slope, and "breaking joints" as perfectly as 
possible. To prevent their being thiown out of place by 
ihc swelling and heaving, which is caused by the freezing 
of the rain-water retained by the clayey material of 
which an embankment may be composed, a layer, one or 
two feel thick, of coarse gravel, should be placed on the 
slope before laying ihe stone facing, ho thai the rain-wa- 
ter can al once pass through this porous coating. Ai the 
foot of the slope, an "apron," or mass of loose stones 
raay be deposited. 



When an embankment is to be made through a swamp 
bog, marsh, or morass, many precautions are necessary. 

If the bog be less than four feet deep, and have a 
solid bottom, all the soft matter should be removed, and 
an embankment raised upon the hard bottom. 

If it be deeper, but not very soft, the surface may be 
covered with two rows of swarded turf; the lower being 
laid with its grassy face downward, the other with that 
face upward, and the embankment raised upon them. 

When the swamp is deep and fluid, thorough draining 
is the first and most important point. On each side of 
the road, wide and deep ditches must be cut, to collect 
the surface water, and lo carry it off into the natural wa- 
ter-courses. Numerous smaller ditches must be cut, at 
short intervals, across the road-way, from one main drain 
to the other, descending both ways from the centre. This 
operation will consolidate the surface between the main 
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ditches. The cross-druins may be filled with broken 
Stones, (or bushes, if tliey will always remain under wa- 
ter, as otherwise they will decay, and cause the road to 
siiik)andonthisfoundation the embankment maybe raised. 
In extreme cases, the lower portions of ihc embank- 
ment must be formed of brush-wood, arranged n. fascines 
which are a specific remedy against water. They are 
formed by carefully selecting the long, straight, and slen- 
der branches of underwood, and lying them up in bundles, 
from 9 to 12 inches in diameter, and from 10 to 20 feel 
long. A layer of these fascines is laid across the road ; 
a second layer in the direction of the road ; and so on, lu 
as great a thickness as may be required to raise the road- 
bed perfectly high and dry. Sharp stakes are driven at 
internals to fasten together the layers. Poles, or young 
trees, may be laid across every other course. Upon this 
platform of fascines may be laid large tiat stones, and upon 
ihem a course of earlh and gravel. 



When a road runs along the side of 
most cheaply formed, by making it half 
half in embankment. But as the emba 



1 hill, it will be 
n escavatiou and 
ikment would be 
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liable to s!ip, if simply depostieij on llie natural surface of 
ihe ground, liie latter aliould be notched inio sleps, ur ofT 
Bets, in order to retain ihe earth. In adjusting tlie lieighl 
of the made ground, an allowance should be made for its 
Bubscquent seiiling. 

If the surface be very much inclined, both the cuttings 
and fillings will need to be supported by " retaining walls," 




I 



which may be laid dry if competed of large stones, or 
in mortar. The proper thickness which should be given 
to them, will be investigated under the head of " Me- 
chanical structures." 

If the side hill be of rock, the steep slope at which that 
material may safely be cut, will enable the upper wall to 
be dispensed with. 

When the road is required to pass along the face of a 
nearly perpendicular precipice, at a considerable height, 
(a case which sometimes occurs in passing a projecting 
point of the rocky bank of i river in a mountainous dis- 
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tricl) it may rest on k fraire-work 
formed of horizonml beams, deep- 
ly lel into llie face of the preci- 
pice, and supported at their outer 
ends by obhqiie timbers, the low- 
er ends of which rest in notches 
formed in the rock. 




To form the aide-slopes with 
precision, to the proper inclina- 
tion, a simple bevel, " fcadV-level," 
or " clinometer," may be em- 
ployed with great advantage. It consists of two strips of 
board, AB, AC, fastened to each other al right angles 
and connected by a third Fig. 85. 

one, CB. When the de- ^ 
sired -slope is 2 to 1, make 
AB twice the length of AC. 
Place C, or B, at any known 
point of the slope ; make c^ 
AC vertical by the plumb-line ; and then will BC 
cide with the slope desired. 

Another implement for ihe same purpose is formed of 
a single atrip of wood, lo which is attached a triangle 




c^ 




M 
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vitli base and height 



)nding to those of the de< 



L corrc3pon( 

Hired slope. When a spirii-level, resting upon the top of 
tliis triangle, is horizunial, the inclined atrip will coincide 
wild llie slope sought. 

A more generiii " Clinometer" is shown in the accom- 
panying figure. It consists of a spirii-level, moveable on 



Fig. 87 



^F a pivot, which is the centre of a qiiaJrant divided into de- 
grees. To measure a slope, place the bar upon it, and 
turn the level till the bubble is in its centre. The read- 
ing at the top of the level will indicate the inclination of 
ihe slope. To increase its portability, the long bar 
doubles up on a hinge in its middle.* 

To shape tiie tops of ilie embankments, and the bot- 
toms of the cuttings, in accordance with llie desired pro- 




file of the road, attach, to the i 



iide of 



a common 



• SimmB on Levplling, p 96 




mason's level, a Inangle ABC, ^Mth its base and height 
80 proportioned as to correspond lo ihe " crowning" of the 
road J 1 in 24 for example. Or, instead of the triangle, 
gauges of diiTercnt lengths, moveable on thumb- screws, 
may be made to project below the level, to proper depths,* 



2. MEOHAinOAL STRUCrTUBES. 

Under this head are included the bridges, culverts, and 
. other works of the mason and carpenter,'which are re- 
quired for the purposes of the road. 



The most simple and natural form of a bridge c 
of Iwo timbers, laid across the stream, or opening, which is 
to be passed over, and covered with plank lo form the 
road-way. Walls should be built to support each end of 
the timbers, and are named the abutments. The width 
of the opening which they cross is termed ihe stretch, or 
bay. The timbers lliemselves are the stnng-pieces. 
Their number and size must of course increase with the 
stretch. For a stretch of 16 feet, they should be about 

• Painell, p. 361. 
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15 iiiclies deep by 8 broad, and be placed at intervals ol 
about 2 feet,* Tlie greatest weiglii whieh can come upon 
ihem is when tlie surface of the bridge is covered with 
men standing side by side, and is then equal lo 120 lbs. per 
square fool of surface, independently of the weight of the 
materials. Recent experiments make this only 70 lbs. 

This simple construction is only appliciible to shoit 
Mretchcs. Fur spaces of greater width, supports from 
ihe bollum of the opening may be placed at proper inter- 
vala. Tliey may be piers of masonry, orupriglit props or 
Eiiores of timber, properly braced, and supported on piles, 
if the foundation be insecure. They will divide the long 



Fig. 89. 
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stretch into a number of shorter ones, and support the 
ends of the licnbers by which each of them is spanned. 

But if the opening be deep, or occupied by a rapid 
stream, it is very desirable to avoid the use of any such 
obstructions. Means must therefore be devised for 
strengthening the beams, so as lo enable them to span 
larger openings. This may be effected by supports from 
below, or from above. 

Of supports from below, the simplest are shorter tim 
pers, {bolsters, or corbels) placed under llie main ono» 

• Tredgolif s Carpenl y,p.l48, Thiegives agreataurp!' suf alrength. 



to whicli they are 
firmly bolted, and 
projecting about ' 
oiie-third of the 
stretch. This will 
considerably in- 
crease the stiffness. 

Still more effcclife are oblique braces, or "siruiB," 
siip[iorting the middle of the beam, and reetiog, at their 





lower ends, in " shoulders," cut into ihe abutments. Sim- 
ilar braces may be applied lo the " bolsters" of Fig. 90. 
As the span increased, these braces would become sa 

Fig. 1)3. 



I 




oblique as to lose much of tbeir efficiency. A slraining- 
piece is therefore interposed between them. Thirty-five 
feet may thus be spanned. 

For longer stretches, the bolsters, braces, and straining- 
beams may be combined, as in Fig. 93. The principle o( 
this method may be extended lo very wide openings. 




But in many cases stipports from below may be objec 
lionable, as exerting too much ihrust against the abut 
menls, and being liable to be carried away by lieshets, 
&c. The beams must in such cases be strenglhetied by 
supports from above 

The simplest form of 50ch is shown in Fig. 94, in 
which the horizontal beam is supported by tin upright 

Fig. 94. 
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" king-post," to which it is attached by an iron strap, 

as in the figure, or by the upright " king-post" being 
formed of two pieces, bolted together, and enclosing the 
beam between them. The king-post itself is supported 
by the obhcjue braces, or "stmts," which rest against 
notches in tlie horizontal beam. 

Since -he king-post acta as a suspending tie, an iron 




rod may be advaniageously substituted for it. The oblique 
braces may be also siifFened by iron ties, binding ihera lo 
the main timbers, as in Fig. 95. 

For longer stretches, a straininf; beam may be intro- 

Fig. 96. 




duced between the struts, as in Fig, 96, in which the 
poets are represented as enclosing the beam. 

For bridges of greater span, and more complicated 
fltructure, the professional assistance of a civil engineer 
should be secured. On bridges, see Appendix F, For 
data and formulaiS for calculating the strength of beams 
and trusses, see Gillespie's " Strength of Materiala and 
81»billty of Structtires." 
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CULVEHTB AND DRAT»g. 

These stmclurea are neccssar; for carrying under a 
road ihe slreams which it intersects. They are also need* 
ed to carry the waters of the ditches, from ihe upper side 
of a road, lo that side on which lie the natural water 
courses into which they must finally be discharged Theii 
simplest form consista of tno walla of slone or brick 
covered with slabs, and having a found-ition, either ol 
wood (if always wet) or of stone, laid in the form of an 
inverted arch, as shown m Fig 97 

cross-section in Figure 97 
Their size must be propor 
lioned to the greatest quanlit^ 
of water which they can ei Lr 
be required to pass, and should 
be at least 18 inches square, ' 

or large enough to admit a boy 

to enter to clean them out. Their bottoms should be in- 
chned 1 in 120, or 1 inch in 10 feet. When the road 
slopes, the inclination of the culvert may be increased, if 
necessary, by making it cross the road obliquely. Al 
each end flat stones should be sunk vertically, or sheet- 
piling driven, to guard against the undermining effects of 
the water. The length of a culvert under an embank- 
ment will be equal to the width of the road, increased by 
the distance on each side, to which the slopes run out, at 
the depth at which the culvert is placed. At each end of 
it should be built wing-walls, their tops having an outward 
and downward slope corresponding to that of the embank- 

^L ment. Their ground plan may be rectangular, trapezoi- 

^M dal, or curved. 

^M In districts where stone is scarce, a small culvert may 
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Fig. 98. 




Fig. 100. 



be constructed with four ranges of slatia ; 
grooves being cut in the lop and bottom [ 
slabs, to receive [he upright ones which 
form the sides. 

A. cheap culvert may be built of brick, 
willl a. semicircular arch, of lliree feet ^ 
spun and 4 inches thick. IV^^' 

One thousand bricks will 
build 26 running feet. If 
the flow of water be small, 
the bottom may be merely 
covered with gravel, over 
which is then poured grout of hydraulic cement, forming 
a superficial concrete. 

To obtain greater strength, the 
arch may rest on abutments, slo- 
ping inward, and the bottom of the 
culvert be a flat inverted arch. 

When a road is in excavation, 
the ditches on either side of it f 
will sometimes require to be cov- 
ered, to prevent their being filled 
up by washings from the sides. 
They may then be formed as in 
Fig. 97 ; but spaces of half an inch in width should bo 
left between the covering sLones. A layer of brushwood 
should be placed over these, and the remainder of the 
diich filled up to (he surface with broken stones, tlirough 
which t!ie water can filler." 

Similar but smaller drains may be formed at intervals 
under tlie road, diverging from its centre like the two 




• Farnelt, p 93 
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branches of 'he letter Vi and descending from the angu- 
lar point to ihe aide-dilclies. They are called " milre 
drains." In very wet ground, a deep but narrow drain, 
filled with broken stones, may be carried through the 
middle of the road. 

CATCHWATERS, OR WATBR-TABLKS. 

These are very shallow paved ditches, formed acroaa 
the road upon a slope, to calch Ihe n'ater which runs 
down ils length, (and which would otherwise furrow up 
the road-way) and io turn it off into the side-ditches. 
They are also necessary in the hollows which exist at the 
points where a descent and ascent meet. They should 
be so laid that a carriage will not feel any shock in pass- 
ing over them. Their bottom may be flat, and six feet 
wide, and for twelve feet on each side they may rise one 
inch to the foot. The side-slope, down which they dis- 
charge their waters, should be also pared. Sometimes 
for economy they arc used as a substitute for a culvert to 
carry the waters of a small stream across the road ; but 
this is very objectionable, particularly from the ledges of 
ice which will be there formed in winter. They are some- 
times shaped like a Vi ^'^h the point directed up the as- 
cent, and will then divide the waters. In mountainous 
situations they should be located obliquely to the axis of 
the road, and the most advantageous position will evident- 
ly be that which has the greatest descent with the least 
length, and may be geometrically determined. 

Let the longiiudinal slope of the road descending from A lo 
B, lie m to 1 ; and let its tranaveree alupe from A tu C be n to 

I ; Ihe former being here supposed steeper than Ihe lallei. 

II is required lo determine the position of the catchwalei AD 
BO ihfti il majr have Ihe greatest slope pniisUile. 
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CATCnWATEIIB. 

If a linfi, BC, he so drawn on ihe 
■urrace of ihe road as tii be huriznn- 
tal, ihe deaireii line of grealesl slope, 
AD, wi!l be perpendiculiir lo it, as er- 
pl&ined on page 75. The position of 
this horiionlal line must therefore be 
first determined. The two points, A 
and B, which it unites, being on ihe 
same level, the descent from A to B 
equals thai from A lo C. These de- 
Bcenls are expressed respectively by 



, AC 



AB ^^^ . 



AB AC 



I gitiiig the equalion, 



whence AC ^= AB " ■ 



Therefore, to oblain the poaillon AD by a graphical con- 
. struction, make AB of arty length, and aet off AC (as giveo by 
the eqiiaiiot)) at ri^hl angles to it; jnin CB, and firom A draw 
Ihe perpendicular AD, which will he the line required. 

If it bo required to dcline the position AD, by the angle 
BAD, it will be seen that BAD — ACB ; and that 



1. ACB^ 



AB 



AB 



AB 



1:B~ V(AB' + AC') ' 



^ (aB' + KB'.~\ 



If m = 20 and n : 



in. ACB = .5555, and ACB = 



Care miisl be taken lo avoid placing the calchwater in 
ihe direction of the diagonal ot the rectangle formed by 
ihe four wheels of a carriage ; in order to avoid the double 
shock which would otherwise be caused by two wheels 
sinking into it at onci\ 

A cheap snustitute for a catchwaler on i steep slope is 
a mound of earth, crossing the road obliquely. This will 
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alao serve as a 
reatinj^Iace on 
the ascent. It 

should be so pro- 
portioned, that 
carriages may pas: 
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1 without inconvenience. 



Retaining, sustaining, revetment, and breast walls, as 
[heir various names import, are employed to support 
masses of earth, and lo resist iheir lateral pressure. Their 
use, when a road parses along a steep hill-stde, has been 
already explained. In passing through villages also, where 
land is valuable, a narrower space will suffice for a road 
in excavation or embankment, if retaining walls be sub 
Btituted for side-slopes. 

The calculation of the necessary thickness for relain- 
mg walls, lo enable them to resist the thrust of the earth 
which they are intended lo support, is a problem of con- 
siderable intricacy of investigation, as well as one of much 
uncertainly, in consequence of the numerous and greatly 
ied data required. 



Fig. 103. 



When a wall, of 
which ABCD is a 
transverse section, 
supports a mass of 
earth, there is a 
certain triangular 
portion, ADE, of 
the earth, which 
would slide down- 
ward if the wall 
were removed, and which therefore now presses against 
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the wall with a force, varying with its height, its specific 
gravity, and the angle, ADE, at which tlie earth would 
stand if unsupporLed. The wall may yield lo ils pressure , 
by sliding along ils base, or along some horizontal course, 
or by being overturned and revolving about the exterior 
edge of one of its horizontal joints. The latter is the 
unty danger to be feared in a well-built wall. 

The moat complete invesiigation of the problem afihe pruper 
Ihichneas of retaining wbIIb has been made by M. Poncelet in 
a Memoir,* ofwliiuli a, Iranslatian haa appeared in the Jnurnal 
of the Franklin Instjiute far 1843. It contains valuable ta- 
bles as well aajormulit. Let a denote the angle with the Tei- 
tical made by the line of the natural slope of the earth, and 
lepresentej by ADE in the figure. It will vary from 70', an 
in the case of very fine dry sand, to 35°, as in the case of 
heavy clayey earth. Let ui denote the weight of any unit of 
the earth, and ic' thai of the aame anil of (he masonry. The 
specific gravity of the former ranges between 1.4 and 1.9, 

and that of the latter between 1. 7 and 3.5.| The ratio — ia 
therefore usually between j and 1. For the simplest ease, 
that in which the embankment does not rise above the wall, the 
formulalt for the thickness corresponding to any height H, is 



Tan. J u X i^fl \/~ 



This gives a aUbility of 1.93 lo 1, or nearly double ihal of a 
strict equilibrium. 

For the usual assumed mean values of a = 45°, and 

— = I, the formula gives for the required thickness of 

the wall tVt< °^ ^ ''^^^^ °^^^ ^ quarter of the height 

■ No. 13 da Memorial dt Tojficiei da Genie. Sen aba pMWr; Si 
chtrehet mr }a Poauee det Terrei; and NiviKi ; Lejoat $ar PAppli 
lion de la Meeaniiiue luz CBnalraclioTit. 
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The cilremc limits in any case are from ^VeVi "' ©n^ 
fiflii of the height, with compact carih and heavy mason- 
•71 lo rVt'fi or not quite half the height, with loose earth 
and light masonry.* The precise thickness can be cai- 
culated by the preceding formula; after noting ihe slope 
at which the earth naturally stands, and weighing a cer- 
tain portion of the masonry, and of the earth previousiy 
thoroughly moistened. 

When there is an embankment rising above the lop of 
the wall, the proper thickness (in cases in wbich the height 
of the superincumbent load does not much exceed the 
height of the wall) may be approximately obtained by 
substituting in the same formula, instead of the height 
of the wall, the sum of the heights of the wall and of the 
earth above it.j 

Thus far both faces of the retaining wall have been 
supposed to be vertical. But the same strength wilh a 
less amount of material may be ob- pig. 104. 

tained by various modifications of its ''' 
section. 

The face of the wall may be advan- 
tageously made to slope wilh a *' batir" 
varying from j'j, or J inch horizontal 
to 1 foot vertical, to j, or 2 inches to 1 
foot. 

To find the mean thickness of auch a 
wall, which shall have the same stability 
as another wall with vertical flees, and 
of thB ihickoeBB obtained by the preceding rulea, eubtract from 
this piven thickness four-tenths of the entire projection of the 
hdtW.X Thus, if the givon thickness be 4 feel, and the height 
94 feet, and the coriespunding mean thickness of a wall with 
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■ Func(<lct, 5 



t Ibid. S 23 tmd.473. 
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■ idtiT 01 jV be desired, it will be 4 . — r'n Xf J=* ■ — -8=3.3. 
The bdlir is supposed not la exceed one-6fth of the height 
Froro the mean thickness, those or the top and boltom ace 
readily deduced, knowing the height and hdtir. 

Fig. 105. 



The desired increase of thick- 
uesB towards the bottom of a wall 
IS often given by offsets at its 
back. Considerable resistance to 
the overlurning of the wall is of- 
fered by the weight of the earth 
which rests upon these offsets. 
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Still more economical of 

masonry is a leaning retain- 
ing wall, in which the back 
has a bdlir, which maj ad- 
vantageously be 1 in 6 In 
this case strength requires 
that the perpendicular let fall 
from the centre of gravity 
of llie section upon the base, 
sliould fall so far within the 
inner edge of the base, that 
llie Blone of the bottom course of the foundation may 
piesent sufficient surface to bear the pressure upon it. 




1,11.149. 
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The slrenglh of a wall may be still farther increased by 
teaaening its iliickness, and employing llie difference of 
tlie amount of masonry in buttresses or countcr-forla, at 
tached to its back at regular intervals, and firmly banded 




with it. The trapezoidal section for them is preferred, as 
giving a broader base of union. Fig. 107 is aground plan 
of such an arrangement. 

To lessen [he pressure of an embankment, thai portion 
of it next the wall should be formed in compact layers, 
inclining downward from the wall. Through ihe wall 
should be left holes {barbacancs) six inches high and three 
wide, disposed, in the quincunx form, at distances of six 
feet horizontally, and four feet Tertically, in onler to give 
vent to the Wdler which may filtrate through the bank. 

The masonry of a wall which has to suslnin great 
pressures, requires much altcnlion. The following ia 
part of [he specification for such wails of rubhie ma- 
sonry on the public works of the slate of New York. 
"The Blone shall be sound, well-shaped, and durable, 
and of not less than G inches in thickness, and three feet 
area of bed, 'I'he smoothest and broadest bed shall in 
all cases be laid down, and if il be rough and uneven, all 
projecting points shall be hammered otf ; and the same 
from [lie top bed, so as to give the succeeding stone a 
firm bearing. In all cases the bed shall be properly pre- 
pared, by levelling up, before the next stone is laid, but 
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no levellers shall be placed under a stone by raising it 
from its bed. One-fourth of the wall shall be composed 
of headers^ which shall extend through the wall, where 
it is not more than two feet thick, and from 2 to 4 feet 
back for thicker walls. The whole shall be laid in hy- 
draulic mortar, composed of the best quality of cement, 
and clean sharp sand ; and particular care shall be taken 
to have each stone surrounded with moitar, and tho* 
rcujjhly bedded ir it." 



CHAPTER IV. 



lUPROVEMENT OF THE 



Next to the gDnersI influence of Ihe teuana, Ihere ■ |«nisps no cu* 
I lalemtiiig lu men in a civiliiud atale, lliau (he perftetion 
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The surface of a newly-made road is generally very 
deficient In ihe impurtanl (jualilies of hardness and smooth 
ness, and lo secure tliese atlributes in llieir iiigliest at 
tninable degree, it is necessary to co\er the earth, which 
forma the natural surface of the road, with some other 
material, such as stone, wood, &c. The benefits of such 
a process are twofold, consisting, 

1. In substituting a hard and smoolh surface for the 
soft and uneven earlh ; 

2. In protecting the ground beneath it from the action 
of the rain-water, which, by penetrating to It, and remain 
ing upon il, would not only impede the progress of vehi 
clea, but render the road loo weak to bear their weight. 

Such a covering should be regarded, not as an arch to 
bear the weight of the vehicles, but simply aa a roof, to 
protect the earth beneath it from the weather ; not as a 
substitute for ihe soil under il, but only as a protection lo 
that soil to enable it lo retain its nalurul strength. Erro- 
neous views on this point have caused very prejudicial 
practices, particularly in the case of broken stone, oi 
McAdam-roada, 
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Tlie various surfaces will be considered in tlie following 
order; begiiiiiiiig will) ihe most impcrfecl, that of ihe 
uiiimfinived earth, and ending with the most perfect yet 
attained — that of Railroads, 

1. SARTH B0AD3. 
X QRATEI. noADS. 

3. BBOEEN STONE!, OH McASAM BOASS. 

4. PAVED EOADS. 

5. KOADS OF WOOD. 

0. BOADS OF OTHEB MATEIBIALS. 
7. ROASB WITH TRACKWAYS. 



1. EARTH BOADS. 

Roads of earth, with the surfaces of the excavations 
and embankment unimproved by art, are very deficient at 
all times in the important requisites of smoothness and 
hardness, and in the spring are almost impassable. But 
with all their faults, they are almost the only roads in tiiis 
country, (the scantiness of labor and capita! as yet pre- 
venting tlie adoption of better ones) and therefore no pains 
should be spared to render them as good as their nature 
will permit. 

The faults of surface being so great, it is especially ne- 
cessary to lessen all other defects, and 1o make the road in 
all other respects as nearly as possible " what it ought to 
be," Its grades should therefore be made, if possible, as 
easy as 1 in 30,* by winding around the hills, or by cut- 
ting them down and filling up the valleys. Its shape 
should be properly formed with a slope of 1 in 201 each 

■ Sec page 41. t Pagt 51 



way from the ci>nire. Its drainage sliould be made very 
lliuri'ugh, l)y deep and cnpacious diiclies, sloping nut Icsa 
ihan 1 irt 125,' in accordnnce wiili (lie tnijiiinum ruiid 
slope. Druinnge nione will iifien change a bad road lo a 
good one, nnd wiihoiii it nu permanent improvement can 
be effecied. Trees should be removed from llie bordiTS of 
the road, as iiitercepiing Uie sun and wind from its surface. 

If the soil be a loose sand, a coaling of six inches of 
clay carted upon it, will be ihc most effective and the 
cheapest way of improving it, if the clay can be obtained 
within a moderate distance. Only one-half ihe width 
need be covered with the clay, thus forming a road forthe 
summer travel, leaving ihe other sandy portion untouched, 
to serve for the travel in the rainy season. 

If the soil be an adhesive clay, the apphcalion of sand 
in a si[nilar manner will produce equally beneficial results. 
On a steep hill these improvements will be parliculartj 
valuable. 

When the road is worn down into hollows, and requires 
a supply of new material, its selection should be made 
with great care, so that it may be as gravelly as possible, 
and enlircly free from vegetable earth, muck, or mould 
No sod or lurf should ever be allowed to come upon the 
road, to fill a hole or rut, or in any other way ; for, tliough 
at first deceptively lough, they soon decay, and form the 
softest mud. Nor should the roadmaker run into the other 
extreme, and fill up the ruts and holes with stones, which 
will not wear uniformly with the rest of the road, but will 
produce hard bumps and ridges. The plough and the 
scraper should never be used in repairing a road. Their 
work 16 large in quantity, but very bad in quality. The 
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:artu roads. 
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ploiigli breaks up tlic compacl surface, wlitcli time and 
travel had miHie lu)crable; and ihe acrapcr drags upon 
the road from the side dilclies the soft and alluvial iimtlei 
which the rains lia<t removed, but which this implement 
obstinately returns to llie road. 

A very good siibslilnte for the acroper, in levelling the 
surface of the road, clearing it of stones, and filling up 
the ruls, consists of a stick of timber, 3b»i with Iron, and 
attached to its tongue or neap obliquely, so that it is drawn 
over the road "quartering," and throws all obstructions 
to one side. The stick may be six feel long, a fool wide, 
and six inches thick, and have secured to its front side a 
bar of iron descending half an inch below the wood. 

Every hole or rut in a road should be at once filled up 
with good materials, for ihe wheels fall into them like 
hammers, deepening ihem at each stroke, and thus ia- 
creasing the destructive effect of the next wheel. 
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The effects of broad and narrow wheels upon roads 
have been much discussed, and many laws enacted to 
encourage the use of the former. Upon a hard and well- 
made road, (such as one of broken stone) there is little 
difference between tliem, but on a common earth road, 
narrow wheels, supporting heavy weights, exercise a very 
destructive culling and ploughing action. This dimin- 
ishes as tlie width of the felloe increases, which it mtiy 
do to such an extent, that ihe wheel acts as a roller in im- 
proving, instead of injuring, the surface. For these rea 
sons the New York turnpike law enacts that carriages, 
liaving wheels of which the (ire or Irack is six inches 
wide, shall pay only half the usual lolls ; those with 
wheels nine inches wide, only one-fourlii ; and thai those 
13 
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Willi twelve Indies shall pay none at all. The propurtlona 
agree precisely with those deduced from observation by 
an expcrieticed English roadmiiker.* The felloe should 
have a fli-l bearing surface and not a rounded one. The 
benefi'.s of broad wheels are somelitiies destroyed by over- 
loading ihem. To prevent this, when tolls are collected, 
tliev should be increased, for each additional horse, more 
rapidly than the direct proportion ; thus, if one horse paid 
5 cents, two should pay 1 1, three 17, &c. Narrow wheels 
are particularly injurious when in rapid motion, for having 
less resistance and greater velocity than others, they re- 
volve less perfectly, and drag more, thus producing ihe 
worst sort of effect. Conical wheels, of which the inner 
is greater than the outer circumference, tend to move Jn 
a curve, and being forced to proceed in a right line, exert 
a peculiarly destructive grinding action on llic road. On 
McAdam roads, horses' feet exercise a more deslruclive 
effect than the wheels of vehicles. It has been calcula- 
ledt that a set of tires would run 2700 miles in average 
weather, but that a set of horses' shoes would bear only 
200 miles of travel.J 

■ PeafolH, p. S3. t Gordon on LacamotloD. 

) Tlie impdifccl surface of aa carlh road makes it doubly impottaDl 
lo take fiery precaution to leneu Ihe rriction of vchicleB upDU il. Tlie 
leaistsuce decreaies as Ihe brradlh oj tkt lirt increases, on compreraiUe 
roads, as earth, sand, gravel, dtc. \ while ort paved and hrokeu-stoue mads, 
ihe rcsisLaace is nearly independent of tlie breadth of the lire.' Cyliu- 
driral wheels also cause kas rilctiou than conical ones. The largtr the 
whcelp (he lesa fiiclkin have tliey, and the greater power of leverage in 
overcoming obstacles. The fore-wheels should be as large as the hind onn, 
were jt not for convenience of turjiing. Tht axlea thoald bf ilraigAl, 

it lioK tli« advantage of throwing Ihe mud away from the carriage. The 
Uad ehonld be placed on Ihe kind wlietli rather tlian on Uie fore osra 
• Horia ». S3B. 
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T!ie roundness of ihe pebbles, which form ihc chief 
pfirt of gravel, whelher from rivers or pits, prevents them 
from perfectly consolidating, except under much travel; 
but still a gravel road, properly made, is far superior to 
one of common earth. Gravel from the aiiores of rivers 
is loo clean for this object, and does not contain enough 
eartiiy matter to unite and bind together its pebbles, which 
aie too perfectly water-worn, and freed from asperilies. 
On the other liand, gravel dngfroni the earth contains too 
murii eartli, which must be sifted from it before use. Two 
sieves should be provided, through which ihe gravel is to 
be thrown. One should have wires, an inch and a half 
or two inches apart, so that ail pebbles above lliai size 
may be rejected. The other should have spaces of three 
quarters of an inch, and ihe material whicli passes ihrough 
it should be thrown away, or employed for foot-palhs. 
The expense of sifting will be more than repaid by the 
Btiperior condition of the road formed by the purified ma- 
terial, and t!)e diminution of labor in keeping it in order. 

Tiie road-bed should be well shaped and drained. If 
it is rock, all projecting points should be broken off, and 
a layer of carlh, a foot thick, should be interposed, or the 
gravel will wear away much more rapidly, and consoli- 
date much more slowly. 

Long and pliint tpnngs greatly lessen tlio shock or poseing over otwla- 
oln.and their advgntagB has breii stalfd lo be equal Lo one hone in four 
llie line of draught thould aSMnd at an angle of 15 degreeg, eo Ihat 
wb«ii Ills hone leans forward iu pulling, hie force will be exerl«d aeailv 
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A coaling of four inches of gravel sliould be spread 
oterlhe road-bed, and veiiicles allowed lo pass over it 
u) it becomes tolerdbly firm, and is nearly, bitl nol en- 
tirely, consolidated ; men being slalioiied lo coniiiiually 
rake in the ruts, as faal as they appear. A second coal- 
ing of 3 or 4 inches should then be added and irealed like 
the first ; and finally a third coating. A very heavy roller 
drawn over the road will hasten its consolidation. Wet 
weather is the most favorable time for adding new ma- 
terials. 

A very erroneous practice is ihat of putting ihe larger 
gravel a! llie bollom, and ihc smaller at the surface ; for, 
from the effecls of the frost, and of the vihralion of car- 
riages, llie larger stones will rise lo the surface and Uie 
smaller ones descend, like ihe materials in a shaken sieve, 
and the road will never become firtn and smooth. 

3. BHOKEH-STDin: BOADS. 

Broken-stone roads have been the subjects of violent 
parlisansliip on many disputed points, and the most im- 
portant of these queslions relates to the propriely or ne- 
cessity of a paved foundation beneath the coating of bro- 
ken stones. McAdam warmly denies ihe advantages of 
this, while Telford supports and practises it. Bruken- 
slone roads may therefore be conveniently divided into 
McAdam roads and Telfwd roads. 



1 



McADAM RO.^US. 

Mr. McAdam, who first brought into general use m 
England roads of broken stone, and from whom tliey de- 
rive ihcir popular name, is said" lo have deduced llie 
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leading principles of his improved system from his obser- 
vation of the passage of a heavy vehicle, snch as a loaded 
stage-coach, ovrr a newly-furmeit gravel road. The wheels 
sinK in to a considerable depth, and plough up the road, 
in consequence of the roundness of tlie pebbles, which 
renders them easily displaced. Hence ensues great fric- 
tion against the wheels ; which, moreover, are always in 
hollows willi little hills of pebbles in front of them, which 
lliey must roll over or push aside. The evil continues, 
until at last, after long-repeated passages of hca>'y vehi- 
cles, the pebbles have become broken into angular frag- 
ments, which finally form a compact mass, 

Bui since this is so desirable a consummation, the task 
of breaking the stones oui^ht not to be imposed on the 
carriages, but should be performed in advance by manual 
labor, by which it will be executed far more' speedily, 
effectually, and completely. 

Hence is deduced the leading prmciple of the syslcm, 
viz. : that the stones should be all broken by hand into 
angular fragments before being placed on the road, anil 
that no rounded stones should ever be introduced. 

In the nest place, whenever a carriage-wheel, or horse's 
hoof, falls eccentrically on a large stone, it is loosened 
from its place, and disturbs the smaller ones for a consid- 
erable distance around it, thus preveniing their consol- 
idation. Therefore no large stones should be ever em- 
ployed. 

Small angular stones are the cardinal requisites. When 
of suitable materials of proper size, and applied in ac- 
cordance with llie directions whicii will be presently given, 
they will uniie and consolidate into one mass, almost as 
xolid as the original stone, with a smooth, hard, andun' 
elastic surface. 
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We will examine siiccesoivety llie proper quality of 
Btoric to be uaed ; the size lo which ihey should be bro* 
ken ; ihe miirincr of breaking lliem ■ ihe ihickneas of the 
coaling; the bcaliiielhod of applying the stone ; of rolling 
tlie road ; of keeping il in ordi.-r ; and of repairing it when 
in bad condition. 



The materials employed for a brokcn-atone road {o!teii 
called the " Road melal") should be at ihe same time 
hard and tough. " Hardness is that disposition of a solid 
which renders it difficult lo displace its parts among them- 
selves ; llnis, steel is harder than iron, and diamond al- 
most infinitely harder than any other substance in nature. 
The toughness of a solid, or that quality by which it will 
endure lieavy blows without breaking, is again distinct 
from hurdncss, though often confounded with it. It con- 
sists in a certain yielding of parts with a powerful general 
cohesion, and is compatible with various degrees of elas- 
ticity."* 

Some geological knowledge is required lo make a 
proper aeieciion of ihe materials. The moat useful are 
those which are the most difficult to break up. Such are 
the basaltic and trap rocks, particularly ihose in which 
the hoi-nblende predominates. The greenstones are very 
variable in quality. t Flint or quartz rocks, and all pure 
silicious materials, are improper for use, since, though 
hard, they are brittle, and deficient in toughness. Granite 
is generally bad, being composed of three heterogeneous 
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materials, quartz, felspar, and mica, tlie first of which is 
brittle, the second liable lo decomposition, and the third 
laminated. The sienilic granites, however, which con- 
tain hornblende in the place of felspar, are good, and bet- 
ter in proportion to their darkness of color. Gneiss is still 
inferior to granite, and mica-slale wholly Inadmissible. 
The ar^iV/ccCTUJsfofei make a smooth road, but one which 
decays very rapidly wlien wet. The sandstones are loo 
soft. The limestonei of the carboniferous and transition 
formations are very good ; but other limestones, though 
ihey will make a smooth road very quickly, having a pe- 
culiar readiness in " binding," are loo weak for heavy 
loads, and wear out very rapidly. In wet weather they 
are also liable to be slippery. It is generally belter econ- 
omy to bring good materials from a distance than to em- 
ploy inferior ones obtained close at hand. Excellent 
materials may be found throughout the primary districts 
of the United States. In the tide-water regions, south of 
New York, bonlders, or rolled pebbles, must be employed. 

As the harder stones cost much more to break than the 
softer ones, the lower courses of the road may be formed 
of the latter, and the former reserved for covering the 
surface, which has lo resist the grinding action of the 
wheels.* 

In alluvia! countries, where stone is scanty and wood 
plenty, an artificial slone may be formed by making the 
clay into balls, and burning them till they are nearly vit- 
rified. The slag, or refuse, of iron furnaces, makes an 

:elient material. The stony or slaty part of coal may 
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be used near collieries. Cubes of iron have been t 
bedded among ilie stones with some a''"antages,* 



The slone should be broken inlo pieces, which are as 
nearly cubical as possible, (rejecting splinters and slices) 

and the largest of which, in its longest dimensions, can 
pass ihrough a ring two and a baif inches in diameter. 
In reducing them lo this size, there will of course Fig.108 
be many snialler stones in the mass. These arc 
tlie proper dimensions, according to Telford and ' 
Parnell.\ Edgeviorlh prefers IJ inches. Pen- 
fold\ names two inches for brittle materials, 
smaller llicy would crush loo easily ; but on 
other hand, the less the size of the fragments, llie smaller 
are liie interstices exposed lo be filled with water and mud. 
The tougher liie stone, the smaller may it be broken. 
The less its size, the sooner will it make a hard road ; 
and for roads little travelled, and over which only light | 
weights pass, the stones may be reduced to the size of J 
one inch. 

McAdam argues that the size of the Btone used on a road \ 
iniiBl be in due prupoiliim lu the space Dccu|<ied on a emootli^J 
level surface, by a wheel uf ordinary diinensions ; and, as it X 
has about an inch of conlacl Inngiludinallj, therefore ererj^ 1 
Btone in a road exceeding one inch In diameier, is m isch lev oils ^ 
for the one-sided bearing of the wheel on a larger stone wil^l 
tend lo turn it over and to loosen the neighboting maleriala.- 1 
Bui this argument proves too much ; fur however small thq. I 
■lone is, there must be a moment, just as the wheel is leaving ^ 
it, when the pressure is one-sided, and therefore lends lo o^ 
turn it. Subsequently McAdatn preferred the standard of 
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weight lo that of s 



(GorreBpondii 
^ inches I 



ig far iLveia.ge miterbU la cubes of Ij iodiea, o^ 
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carry a pair of scales and a. 6-01. weight, with wliich to try 
tho lirgest stones in ■ pile. The weight BU.ndi.td bas tiM ad- 
vantage, that the stones are smaller as they increase in speci- 
fic gravity, lo which Ihe hardness is generally prnportional. 
He subsequently says [hat he had " not alluwed any stooe 
above Ihree ounces in weight (equal to cubes uf l^ inches, or 
S inches in their longest diagonal) to be put on the Baih and 
Bristol roads fur the last ihTse years, ajid found the benefit in 
the amouthaess and durability of the work as well as ecooaniy 
II r repairs."* On examining old roads lie found thai the aver- 
age size oflhe stones varied froin seven lo Iwenly-aeTen ounces 
in weight, and that "the stale of disrepair and the amount 
of expense iin the several roads was in a pretty exact propor- 
tion to the size of (he mulerial used."! The t'rench engineers 
value Hniformtli/ of size much less than McAdam, and call it 
" rather an evil than a good." They iherefure use equally all 
sizes from li incbes to dust.}; 

Fig. 109. 



The weight and shape of the hammer, 
and the manner of using it, are of much 
importance, making a difference of at least 
10 per cenl. The head of the hammer 
should be sis inches long, and weigh about 
one pound ; and the handle be tough and 
flexible, and 3 feet long, if used standing, 
r 18 inches, if used sitting, which is belter. 
The laborer sits before the pile, and breaks 
llie stones on it, or on a large concave stone 
as e.n anvil, on which the stones to be bro- 
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ken are placed, resting onlj on thnr ends, so that, being 
struck shsrply m their middle, tliey break into angnlu 
fngmealt. Children with vmallcr hammen can (to ihc 
Ugbtei work, >o ibal a whole family may be emplojed. 
The workmen sbouM nol be paid bj ibc day, but at an 
ctjuitable price per cubic yard. A iRsdium laborer eaa 
break in a day from I J to 2 yards rf gneiss ; uui only { 
to I yaid rf hard boutders, or *■ crfibte-e'tmea." 



Twelve incbes of well coitsolidated materials on a good 
bottom, will be sufficient for roaJs of the greates; rra»el, 
and will resist all usual weight.', and frosis. In the cli- 
mate tif France, icn inches is considered enough for the 
■noal frequented roads, and hi^ or eight inches for others. 
The thickness should vary wjlh the soil, the nature of (lie 
materials, and tlic character uf the travel over it ; il should 
be soch iliat llic greatest load will not affect more than 
ihe surface of the shell; and it is fortliia purpose chiefly 
that thickness is re(|uired, )n order ihal the weight which 
comes on a smalt pnrt only of the road may be spread 
over a large portion of the fonndalicm. The severe frosta 
of our northern states require the maximum of depth.* 

McAdam advocates less thickness than the other Eng- 
lish conalruciora. He conaidera from 7 lo 10 inches suffi- 
cient, calling ihe latter depth of "well consolidated mate- 
rials equal Id carry anything." He adds, "some new 
roads of six inches in depth were not at all alTected by a 
very severe winter ; and another road having been alloweiT 

• Stni* brokdi iiiW SminnenU of fcom 1 to 6 ioclicB occupifs twice 
iu> nuoh ii)iace us iu tlit onKliial solid elate ; biit the bidiea slojje )>laef4 
npoii klie road ii ruiJuc«l Ity tJie pruasure of llie wlicels La iwt lliiidii 
of iu rniiiter bulk, or inom exiiclly B?v*ii-trullis. 
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to wcai down to only three inches, ihis was found suffi* 
cient to prevent the waler from penetrating, and thus to 
escape any injury by froat." He earnestly advocates the 
principle that the whule science of ariilicial road-making 
consists in making a solid dry path on llic natural soil, 
and then keeping it dry by a durable water-proof coating, 
'The broken stone is only to preserve ibe under n^ad 
from moisture, and not at all to support tiie vehicles, ihe 
weight of which must be really borne by the native soil, 
which, while preserved dry, will carry any weight, and 
does in fact carry the stone road itself as well as the car- 
riages upon it." . . . "Tiie slone is employed to form a 
secure, smooth, water-tight flooring, over wliich vehicles 
may pass with safety and expedition at all seasons of the 
year." ..." Its thickness should be regulated only by 
the quantity of material necessary to form such a flooring, 
and not at all by any consideration as to its own indepen- 
dent power of bearing weight." ..." The erroneous 
idea that the evils of an undrained wet clayey soil can be 
remedied by a large quantity of materials, has caused a 
large part of the costly and unsuccessful expenditures in 
making broken-stone roads."" 

APPLICATION OF TffE HATEB1ALS. 

The road-bed, having been thoroughly drained, must 
be properly shaped and sloped each way from the centre, 
BO aa to discharge what water may penetrate to it, and not, 
as is often practised, be made level, and the crowning 
given by a greater thickness of stone in the middle, 
Upon this bed, a coaling of three inches of the clean bro- 
ken stones, free from any earthy mixture, is to be s 
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on a dry day. The travel is ihcn to be admitted on it, 
men being slalioned to rake in the ruts as sunn as formed, 
or a heavy roller used, till it becomes almost consolidated, 
bill not completely so, (the determination of this time being 
a nice and important practical point) and a second coat of 
three inches is then to be added during a wet time, ta 
moisture greatly facilitates the union of the two, A third 
coat is lidded as was the second, and a fourth if that be 
required. If the stone be very hard, and the wheeling 
very diflicull, fine clean gravel, free from earth, may be 
spread over the surface ; but it is belter for the future 
solidity of the road to dispense with this, if possible. 

If a thick coat be laid on at once, there is a very great 
destruction of the material before it becomes consolidated, 
if it ever does so. The stones will not allow one another 
to be quiet, but are continually elbowing each other, and 
driving their neighbors to the right and to the left. This 
constant motion rapidly wears off the angular points, and 
reduces the stones to a spherical shape, which, in con- 
junction with the amount of mud and powder produced, 
destroys the possibility of any firm aggregation, and the 
road never attains its proper condition of hardness.* 

The broken stones need not be spread over a greater 
width than from 12 to 16 feet, (except near large cities) 
and " wings" of earth may be left on each side. For a 
road little used a single track of 8 feel of the " metal" will 
suffice.! 

The perfect cleanliness of the atones is strongly insisted on 
by McAdain. He directa the broken stones to t>e Tery carefully 
kept perfectly free from any mixture of earth, or any mallei 
which will imbibe water, or be affected by frnat : ainco roadf 
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made with such t mixlufG become h'.ae in wet wrnthGr, snd i1- 
low ihe wheels ul carriages to dis(*Iice the mateiiala, 3.nd to cul 
through to ihe original aitil, (bus miking' ihe roado rough and 
niity, Ihe admission of water being the great evil. Ho adds 
that nothing must be laid on the clean alone under the pretence 
of " binding ;" for clean broken stone will combine by its own 
angles into a ainauth Bulid nuiface, which cannot be affected 
by vicissitudes ol* weather, nnr displaced by the action of 

The French engineers consider this cleanlinesa as unneces- 
sary, since the travelling on the road very soon pulveriies the 
materials, and fills the interstices with dust and mud ; though 
it might be replied that this took place only on the surface. 
Some of tlieoi, observing the large amount of vacant space in 
a mass of broken stone,* have even proposed to combine with 
it in advance a certain proportion afcaleaicoua statie,f or even 
clay and sand.^ Just auflicieot to fill up the existing vacaacies. 
This would doiihllesa make a road lolerably fit for use much 
sooner than the regular plan, but its permeability (o water 
wuuld entail on it all the evils tncntinaed in (he preccdiog par- 
agraph. 
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■ A cubic metre of brolieu stones, placed la a water-tight box, 
whk:b they just fill, can receive in the empty epacfs between tlie 
fragments n volume of wBter = yVo. or nearly one-half of the whole 
the actual solidity of tliealoaee being therefore only ^^. This does 

it Uicreases to J^^V' I'^sviug ■ void at only ^. For rolled pebbles 
aod sand llw aclua! solidity may be as much as /„'s' For p*rfecl 
^heies, calculation shoivs that the solUllty of a mass of them in- 
creases as their diameter decreases. Thus, if a cubic metre be filled 
With spheres 4 inclii's in diameter, their solid volume will be J^/f ; il 
Uiey are 1 inch iu diameter their volume is -^% ; and if only ,<, inch 
it ix yVii' Peblilea by theory, as well as by the eipcriment above 
cited, «-ou1d be iiitermcdislB butween broken stoucK and pplierea.-- 
(Gaj-ffier, pp. Q04 to Q|.n 

1 U. roluuceaii. M Girurd de Caudvuiberg. 
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Tlie use of a very heavy roller will much facilitate the 
consolidation of the road. A plan highly recommended 
is to have a roller made of a hollow cyhiider, of cast iron, 
or covered with iron bands, seven feet in diameter, and 
5ve feet long. A sirong axle passes through ita length. 
Il8 ends arc closed, and two interior partitions, perpendic- 
ular to the axis, divide it into three equal chambers. A 
lOngiludinal band of the surface, a foot wide, can be de 
tached, so as to give access to the interior spaces, which 
are filled with gravel, one or all of ihcm, according to the 
weight desired. Tlie empty cylinder weighs 7000 lbs. ; 
each conipanment filled with gravel adds 4,000 lbs. to 
the weight; so that the entire weigiil may he made suc- 
cessively 7,000 lbs., 11,000 lbs., 15,000 lbs., and 19,000 
lbs. To compress a new road, ten or twelve strong horses 
should be attached, on a wet day in summer, to the empty 
roller, and draw it several limes over every part of the 
road, till the materials have been so far compressed as not 
to form a ridge in front of the roller. Then the middle 
division is to he filled with gravel, {moistened, to give it 
solidity) and the rolling resumed till the draught ia bo much 
lessened that the end divisions can be filled, the middle 
one being emptied at first if necessary. There should be 
an excess of power in the horses, so that they may do 
■ess injury by the violent pressures of their feet. Every 
part of the road should be passed over from 40 to 100 
times. To increase the stability of the compression ob- 
tained, an inch of gravel should be spread over the surface 
and passed over by the roller a few limes. If the weatliei 



• Giyffier, p. aiS 
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be dry, the surface shouM be watered. Tlie season should 
be sumnicr, thai ihe road-bed may be dry, and the day bo 
wet, to ensure a moiat surface, which facilitaiea the bind- 
ing of themaieriala. 

When ihe rolling haa finished the compresaion, the 
road is siil! very different from one which has borne the 
traffic of many years ; fur although llie materials are 
strongly pressed against one another, and have taken 
a stable position, they have not acquired the adhesion 
which takes place after a series of years. The new road, 
therefore, needs for some time most careful attention. 
The travel must finish it by being forced to pass over 
every part of it uniformly, heaps of pebbles being placed 
very irregularly, so as to direct the vehicles successively 
on all the points of the road. Every nit, and the slightest 
hollows and elevations, must be promptly removed by a 
liberal supply of laborers, whose work will, however 
have been greatly lessened by the previous rolling. Thej 
must rake over every inequality of surface the momen. 
that it is formed. 
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This is a very different thing from " repairing a road," 
though the two are often confounded. A due attention to 
the former will greatly lessen the necessity for the latter. 
The former keeps the road always in good condition ; the 
latter makes it so only occasionally, after intervals of va 
rious length, during which it is continually deteriorating 
in a geometrical ratio, so that the belter the state in which 
the road is kept, the less arc the injuries to il, and ihere- 
foi-e, the less the ea:pense of keeping il in lliis excellent 
condition. 

" Keeping up the road" require? the daily attentirn of 
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s pemianeni corps of laborers. Supposing tiic rood to b« 
already in gooil condiiioii ; that is, in proper shape, and 
fre^ from holes, ruts, mud, and dust ; lo keep it so, re- 
quires two fundamcnlal operations : 

1. The coniinual removal of the daily wear of the ma 
terials, whether in Ihe shape of mud or of dust ; 

2. The employment of malerials to replace thow 
removed. 

The first operation requires hoes and brooms. The 
hoes should be three feet long, and of wood, as iron ones 
would be more likely to loosen the stones. The lighter 
dust and more liquid mud must be swept off by birch 
brooms. The detritus between the liille projeclions ot 
the stones should not be removed by too thorough sweep- 
ing, as it protects them from immediate crushing, and 
preserves their stability. The broom is also necessary to 
remove every trace of wheels, the moment they have 
passed, so as lo oppose that habit or instinct of horses 
which leads them to follow in the track of the preceding 
vehicle, and which would soon convert unrcmoved tracks 
into ruts. The broom and hoe have then a double end 
to be accomplished by the same operation, viz., effacing 
tracks and removiiigdetritns. Very effective machines have 
also been constructed for accomplishing tliese purposes." 

The second operation of applying new materials de- 
mands several precautions. To prevent a weak place 
from being neglected because the materials are not at 
hand, they should be kept in depots, never more than a 
quarter of a mile apart, and carried thence in barrows. 
They should be applied after a rain, as then ihey will 
more easily unite, and no coat, thicker than one stono, 

• RfodR aai BBilroadt, p. 91 
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should ever be ajjplied at any one lime. A cubic yard to 
a superficial rod will be quite enougli at once. They wiil 
then soon become incorporated without iiaving their artgles 
worn out by motion, and will be of as much service as 
double the thickness applied at once. To avoid retarding 
the travel and increasing the draught too much, a new 
coat should not be put on any continuous space larger 
than six or seven square yards. If several depressions 
are lound very near each other, cover the worst, and at- 
tend to the next after the first has become solid. The 
ruts wiiich are formed should not be filled with loose 
stone, for this would make longitudinal ridges of harder 
material, but " the laborer should work the rake back- 
wards and forwards on each side of the rut and across it ; 
and if he do it with his eyes shut, he will do more good, 
than by taking pains to gather all the stones be can find to 
place iu it."* 

The number of men required by this system of con- 
<4tant watchfulness may at first seem an obfection to it, 
but the e:tpen3c will be amply repaid by the advantages 
obtained. Each laborer should have a certain length of 
tlie road assigned to his especial care, and the most iutel- 
iigent and trustworthy among tliem should be made 
inspectors over the others for a certain distance. At 
times unfavorable for work on the road, they should be 
employed in breaking stone. The labor of one man wil! 
keep in repair three miles of well-made and well-drained 
road, for the first two years after its formation, and four 
miles for the next two years, by constantly spreading 
loose stones in the hollows, raking them from the middle 
to the sides, opening the ditches. Sec. In the fifth year 
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Bomo repairs, " wiih lifting," may be neccssofy, os ex- 
plaine.l under the next head.* 

It will be seen by Morin's table, on page 63, lliat ihe 
friction or resistance to draught on a road with deep ruin 
and thick mud, is four limes as great as on one in good 
order. This shows the importance of very perfectly 
*' keeping up" the road. An incidental advantage is. that 
the prompt removal of the mud after every shower will 
prevent the annoyance of dust, so general an objection to 
McAdam roads, but not at all their necessary concom- 
itant. 

Where the materials of the road are rery brittle stone, 
they wear away very rapidly in dry weather, and their 
consumption may be much lessened by watering the road 
judiciously ; not so little as lo form a crust which adheres 
to the wheel, nor so much as lo make the draught heavy. 
A moderate use of tlie watering carl preserves the male- 
rials from pulverization, and keeps them settled in their 
places, at ihe same time that the comfort of ihe traveller 
is greatly enhanced. This is particularly nerc&sary on 
roads in this country during our hot and dry summers ; 
for afler a long drought the crust of the road romelimea 
becomes so dried out that it ceases to " bind," and per- 
mits loose stones to be detached from it, to the great 
injury of the surface. An excess of moisture must, how- 
ever, be avoided, since it increases the grinding power of 
the pulverized stones, as marble is sawn and jewels are 
cut with their own powder combined with water. 

The question may arise, whether the materials thus 
gradually added to the road, for alimentation rather than 
reparation, are sufficient lo make up for its annual lose, 

■ S«e Am. RailnMd Jonni&I, MiiTch 13, IS47. 
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and diminution of depth, which is loo smitll for direct 
measurement. Experiments upon tliis point indicate that 
tlie amount of materials annunllv consumed, and llicrefnre 
to be replaced, is one cubic yard per mile" for each " col- 
lar," or beast of burden passing over it. Others consider 
il only two-lhirda of a cubic yard.f 
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A road properly kept up by daily attention, needs n& 
repairs ; but if il be put in order only at intervals, the 
injuries to it, which have been* increasing in geometrical 
progression, will render very serious repairs necessary. 
It will be found cut into ruts, deep holes, and irregular 
projections ; and often lower in the middle than at the 
sides. It must be put into shape, and restored to its 
proper crosa-section, by culling down the sides, and filling 
up the middle part. Only a single thin coat of stone 
should be applied at a time, — not more than a cubic yard 
to a rod superficial. The surface of ihe old road may be 
lightly picked up, or " lifted," (willi strong short picks) 
merely burying the point of the pick one or two inches 
deep, EG that the new materials may be more readily 
united to the old ones. This is especially necessary on 
declivities, to prevent the stones rolling down the slope. 

When the road to be repaired is one which had been 
originally formed of large stones, and of superfluous 
thickness, no new materials should be brought upon il, 
but the old stones should be loosened with picks, gathered 
by strong rakes to the side of the road, and there broken 
to the proper size. The surface of the road having been 
put in proper shape, the broken stones are to be returned 
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to it, being srallercd uniformly and thinly over the stir- 
face. Only a small space of road siiould be thus broken 
up at once, say six or eight feet in length, but the whole 
width. The old phin of repairing would be to fill up il'e 
holes with an additional supply of the same large male 
rials ; but the method here recommended makes more 
work for men and less fur horses, and produces a great 
saving in expense. 

The best season for repairing broken-stone roads is in 
the spring or early summer, when the weather is neither 
very wet nor very dry, for 'either of these extremes pre 
vents the milerials from consolidating, and therefore pro- 
duces either a heavy or a dusty road. If made al this 
season, the roads are left in a good state for the summer, 
and become consolidated and hard, so as to be in a condi 
tion to resist the work of [he ensuing winter.* 

TELFORD ROADS. 

This name may be given to the roads of broken atone 
which rest on a peculiar pavement, as constructed by Tel- 
ford, on the Holyhead road and elsewhere, and of which 
lie has given the following specificalioii for a width of 
thirty feet. Fig. 110 is a section of the carriage-way of 
such a road. 

Fig. no. 



" Upon the level bcd+ prepared for the road materials 
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t A bed wiLli tlie nme cron-HctiDii u the tiaal road, would certainly 
In) prereruble, to eiiiure dninsge. The pavemeoL would Uieu requite In bl 
of thdnme depth al centre and siJeK 
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B bottom course or layer of stones is to be set by liand in 
lliG form of a close, firm pavement. The stones set in 
the middle of the road are lo be seven incbes in depth ; 
at nine feet from llie centre, five inches; at twelve from 
ihe centre, four incbes ; and at fifteen feet,-lhree inches.* 
They are lo be set on iheir broadest edges and lengthwise 
across the road, and the breadlJi of ihe upper edge is not 
to exceed four inches in any case. All the irregularities 
of liie upper part of the said pavement are to be broken 
oiT by the hammer, and all the inlerstices to be filled with 
stone chips, firmly wedged or packed by hand with a light 
hammer, so that when the whole pavement is finished, 
there shall te a convexity of four inches in the breadth of 
fifteen feel from the centre. 

" The middle eighteen feet of pavement is to be coaled 
with hard stones to ihe depth of six inches. Four of these 
six inches are to be first put on and worked in by car- 
riages and horses ; care being taken to rake in the ruts 
until the surface becomes firm and consolidated, after 
which the remaining two inches are to be put on. The 
whole of this stone is lo be broken into pieces as nearly 
cubical as possible, so that the largest piece, in its longest 
dimensions, may pass through a ring of two inches and a 
half inside diameter. 

" The paved spaces, on each side of the eighteen middle 
feet, are to be coated with broken stones, or well cleansed, 
strong gravel, np to the footpath or other boundary of the 
road, so as to make the whole convexity of the road six 
inches from the centre to the sides of it. The whole of 
rlie materials are to be covered with a binding of an inch 
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and a half in clep(b, of good gravel, free from clay of 

earlli."* 

The propriety of this fouiidnlion, ["Bottoming,'" oc 
" Pitching") lias been ihe subject of earnest coniroverby 
between the pariisana of McAdam and those of Telford. 
The following are the defects imputed to a road of broken 
stones, laid on earth, (especially clay) without any foun- 
dation. 

The weight of vehicles forces the lower stones into the 
earth, which rises up into the interstices and forms a mix- 
ture of earth and stones which will always be loose and 
open, and never consolidate into a compact mass. In win- 
ter the water, which will pencirale, is frozen and breaks 
up the road. After a ihaw iind in wet weather, the road 
is a quagmire, the wheels cut deeply inlo it, and some 
limes through the entire thickness, so that it resembles a 
ploughed field. At the best, after a rain the semi-fluid 
suil will rise up to the surface and form a coat of mud ; 
and after a drought the looseness of the stones will make 
them rub off tlieir angles and soon wear out. Nor will 
any thickness of broken stones thoroughly destroy the elas- 
ticity of the soil, the evils of which were shown on page 58 

McAdam maintains that thorough draining will prevent 
all these evils, but Telford thinks that they can be re- 
moved only by the " bottoming," for which he claims the 
following advantages. 

Roads, being in fact artificial structures, which have to 
sustain great weights and violent percussion, the first object 
must be to obtain a permanently firm and stiible foundation. 

This is effected by the plan of " bottoming ;" for by it 
the pressure of the wheels is distributed over a large 

• PuDdl, pp. 133-4. 
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fipnce. Suppose llial ihe wlieel touclics and presses on a 
(surface of 2 square inclies. This pressure is carried to 
llie fountiation slonesi, which real al iheir bolloni on a broad 
surface, averaging 10 by 5 inches, or 50 square inches, 
BO ihat each square inch of ihe soil receives only one- 
Iwenty-fiflh part of the surface pressure, and [iiere is 
llierefore no danger of tlie pavement stones being pressed 
into il, nor of the soil being forced lo ooze up bet«'eeii 
ihem. On a now emhankmejil of sofi earth it is best to 
lay brush or furze, and place the pavemeitl upon tliia. 

The advantages of lliis system are mosl striking when 
the natural soil is retentive of inoislure, as w*heu it is clay. 
The pavement then acts as an undrr-draln lo carry off ihe 
water which may find ils way through the broken-slone 
surface. Even on a rock this pavement may be laid with 
advantage, to form a clear floor. 

When ihe stones are properly set, and wedged with ihe 
stone chipping?, they will never rise lo the surface." To 
■ avoid disturbing them, the carls which bring the broken 
Blone must not be allowed to pass over the foundation. 

From the moment that a road thus made begins to be 
used, it becomes daily harder and smoother. Tiie strength 
of the resulting surface admits of carriages being drawn 
over it with llie least possible distress to horses. The 
broken stones being on an immoveable dry bed, do not 
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ith ilie soil, and become prrfeclly united logeiher 
into one solid mass. 

) of Uie Holylioad road formed wltll such a 
foundation, were unafTected by a series of nnusuftlly se- 
vere frosts, followed by tliaws and heavy rains, while the 
parts of it differently mwde, and oilier roads in llie neigh- 
borhood, were broken up, and " became as bad as a 
bog."» 

A road ihus constructed will in most cases cost less 
than one entirely of broken stone ; for the course of foun- 
dation-stones may be of any cheap and inferior stone, as 
sand-slone, &c., which will bear weight, and not be de- 
composed by the atmosphere, but which would not be 
sufficiently hard and lough for the broken-stone covering. 
The cost of hammering and selling this pavement will be 
less than that of breaking up an equal mass, and llie total 
amount of stone employed will be no more than would 
have been required for a road entirely of broken stone. 

But even if such a road cost more at firsf, it would be 
cheaper in the end ; for, beside ihe saving of draught, 
stones laid on such a pavemenl last much longer than 
those laid on earth, two courses of tiie former outlasting 
three of the latter. The expense of scraping is lessened 
in the same or even a greater proportion. 

On the other hand, it is objected that, between ihe wheel 
above and the foundation-stone beneath, ihc broken stone 
will be in a situation like thai of the grain between two 
millstones, and must llierefore be more rapidly ground to 
powder ihan if on a soft bottom. f But this will be pre- 
vented by using harder stone for ihe surface than for the 
foundation. 

• Tulfoid Finl Rrpott on Holytiead roadi. t Teufqld, p 6 
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a carriage along llie road, you aee ihe waler ireiiible in 
ihe ditches on each side," and is succeeded by a botlotn 
of Jimcstone rock, continuing for five or six iniiea. An 
exact account uf die expenditure on eacli having been kept, 
it was found that the coal of keeping up the soft was to 
tliat of the hard only as five to seven ; i. e. five tons of 
stone on the former would last as long as seven on the 
latter. Bui this seems an exceptional case, being con- 
trary lo all otiier experience. Sir Julin Macneill testifies 
very strongly thai the aiinual saving of a paved bottom 
will be one-third of die expense in any case, and llial if 
ihe diminished amount of horse labor were considered, it 
would be very considerably more ihaii that.* 

An artiliciil subtlitiile fur a pavement fiiundation, consist- 
ing or a, cnncrele, or cinnpiiaititm of Rumitn cement and grave!, 
liaa been employed with great success on a wel and elasiic 
soil, where every tiling flae had failed, and ulieie alonea for 
bolloming would hase been very expensive. The locality wai 
the Highgate Archway Road near London, in a deep colling 
between two high banks of clay, where the soil was surcharged 
with water. Many altempta at draining had been made, and 
a greail thickness of broken stinie had been used, and subse- 
quently reliid on fnr»e and pieces of wasti; tin. Diit the atono 
mixed with the wet clay, and rapidly wore away, becoming 
round and smooth, without ever consolidating, and the road 
was almost impassable. The Farliamenlary Commissioiiera 
finally look charge of il, and Sir John Macneill succeeded \n 
making a perfect roa.J. Four longiiudinul drains vere mailo 
• the whole length of the road, cross drains at e^cry 80 feci, aod 



• PanieU, p. 163. 



IlirROVEJieiiiT OF THE BtltFACE. 









ii every 30 feet undei the rcmant,* 



On ihe prepared cetiire, 
been properJy levelkd. wai pul ■ layer, ill inches Uiiek, of 
tlie concrete, ftirmed of ooe pari of Roman cement, one q( 
■anit, and eight uf shines. The aand and cement were mixed 
dry in a large ilialluw (rough ; ilie et^vel waa added ; a* liltia 
water as possible was used ; anJ [he whole mixture w»» then 
cast upon Ihe ground. Befnre ii had set, a triangular piece of 
wood wa« indented into the surface, so he lo leave, at every 
four inches, a triangular griHive fur the brnken stones lo lia 
in and fasten into. These grouves fell three inches from the 
centre lo the aides uf the ro.-id. In order to carry oS'iny water 
which might percolate through Ihe bruken elones above it. 8m 
inches of these were laid upon it when it had sulHciently hard- 
ened, (which was in about tirieen minutes) and the sides or 
wings were tilled up with flint gravel. The concrete cost at 
that place 50 cents per square yard tix Inches thick. Tha 
object was lo attain a dry and solid foundation for the broLea 
■tone. The result was an excellent road, undisturbed bj se- 
vere frusta, and on which one horse could draw &■ much ■> 
three in its originaJ slate. 



4. PATED &OADB.t 

A good pavement should offer liltle resistance to wheels, 
bill give a firm footliold to horses ; il should be so durable 
as to seldom require taking up ; it should be as free as 
possible from noise and dust; and when it is laid in the 
streets of a city, it should be susceptible of easy removal 
and repiaccment lo give access to gas and water pipes. 

A common but very inferior pavement, which disgraces 
ihc streets of nearly all our cities, is constructed of rounded 



•SeK Funipll. pp. 157 and lGO,and piales lo Simms on Roads. 

1 Gayffisr, pp. 193-8 i MorleUe, pp. 104-8 ; Jullien, pp. 3 Ift-ie ; Paraell, 
pp. 110-123, 34d-3.'i9 ; Mahan, pp 393^^ ; Jouma) of Franklin Imtl- 
tnlG, SapL Oct 1843. 



STONE PAVEMENTS. 



walcr-worn ;: 



Tlie best are of 



" egg- 



like alu 



frotu ! 



10 



iches dt 



equal lu liair their depth. The 



and of a 
e ael wilh 



diameicr i 

their grcat':st length iiprighl, and ihcir broadest end upper- 
most. Under tliem is a bed of sand or gravel a foot or 
two deep. They are rammed over three times, and a layer 
of fine gravel spread over them lo fill their interstices-* 

Tiic glaring faults of this pavement are that the alones, 
being supported only by [he friction of the very narrow 
space at wiiich ihey are in contact, are easily pressed 
down by heavy loads into the loose bottom, thus forming 
holes and depressions ; and at best offer great resistance 
to draught, cause great noise, cannot be easily cleaned, 
and need very frciiuciit repairs and rencwals.t 



The pavement which combines most, perfectly all desira 
ble requisites, is formed of squared blocks of stone, 7esl- 
ing on a stable foiinda/itm, and laid diagonuUy. 



We will examine successively ihc merits of diJTercnt 
foundations ; the quality of stone preferable ; their most 
advantageous size and shape; their arrangement; the 
manner of laying them ; their borders and curbs ; iheii 
advantages ; and their comparison with McAdam roads. 



• The followiug is pari of Ihe sppcifioalion for (he New Ynrk [mvcmedl ! 
" Tbe paving stones miuit bo heavy aud hnrd, aiid iiot les than eii inchei 
in depth, nor mere thnu [eu inches iu any dreclion. Slones oC sioiilar 
nzs are to bs placed together. They are lo lie bi^ilded eudwin in good 
clean gravel, twelve inchea in dnplb^ They shall alJ be sol perpi'iidiculaily 
and cloBfiy paved on their enda, aiid ant be sol un their EidoB or edges iu 
any cbspb whatever." 

tThe cosl of such B pBvetneut Ibr a new street is in New York ftoir 
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Tlie wiinl of a proper foiiTiiIiilii)ri is one of ihe most 
frequeiil caiiaes of llie fiiiliirca uf pavctnenls. A founda- 
tion siiould be coiiipoied of a tiiSicient lliickness of some 
incompressible maicrial, wliich will etTcciually cut off 
all coiincciion bemecn the subsoil and Ihc bottom of ilie 
pavjng-stonefl, and should real upon a well-drained bot- 
tom, for wliich in cities a perfect system of sewerage is 
indispensable. The principal foundations are those of 
sand, of broken xtone, of pebbles, and of concrete. 

Foundations nfxanil. — This material, when it fills an 
excavation, posaesses llie valuabli; properties of incompres- 
sibility, and of assuming a new position of equilibrium 
snd stability when any portion of it is disturbed. To se< 
cure these qualities in tlieir lirghest degree, the sand 
should be very carefully freed from llie least admixture of 
earth or clay, and the largest grains should not exceed 
one-sixth of an inch in diameter, nor l!ic smallest be less 
than one-tweniy-fifih of an inch. The beii of the road 
should be excavated to the desired width aiid depth, and 
be shaped with a slope each way from the centre, corres- 
ponding with that which is to be given to the pavemi-nt. 
This earth bullom should be well rammed, and a layer of 
sand, four inches liiick, be put on, be thoroughly wetted, 
and be beaten with a rammer weighing forty pounds. 
Two other layers are to be in like manner added, and the 
cocnpression will reduce the ihicknesa of twelve inches to 
eight. The number of layers should be regulated by the 
characler of ihe subsoil. Two inches of loose aand are 
lo be then added to fill the joints of the atones, which may 
be now laid. The prcasiire of loads upon these stones ia 
spread by the incompressible sand over a large surface 
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ihe favorite system in 



ol ihe earth bciieath. 
France." 

Foundations of broken stone. — A lied is lo be excava- 
Icd, dec|i enough lo allow Iweive inches of broken alone 
lo be placed under liic pavement. A layer of four incliea 
is first put on, and the alreei then opened for carriages la 
pass ihrough it. When it Ima become firm and consoli- 
dated, anoiher layer of four inches is added and worked 
in as before ; and finally a third layer ; making in fad a 
complete McAdam road. Upon it llie dressed paving- 
Bionea are sel.f Tills method, though efficient, is very 
inconvenient, from the length of liine which it cx;cupie9, 
and tiie difiicully of draught while it is in progress. 

Foumtations of pebbles. — Such a pebble pavement as 
IS described on page 217, resting itself on sand, gravel, or 
broken stones, has been recommended to be adopted as 
the foundation of the dressed block pavement, for streets 
in which (here is n great deal of Iravcl.J 

Foundations of Concrete. — Concri'tc is a mortar of 
finely-pulveiized quicklime, aand, and gravel, which are 
mixed dry, and lo which water is added lo bring liie mass 
lo the proper consistence. It must be used immediately. 
Belon (to which llie name of Concrete is often improperly 
given) is a mi.iture of hydraulic mortar with gravel or 
broken alone ; tiie mortar being first prepared, fine gravel 
mcorporaled with it, the layer of broken atoiics subse- 
quently added to a layer of it 5 or 6 inches iliick, and the 
whole mass rapidly brought by the hoe and shove! to a 
homogeneous stale. Three parts of sand, one of 
hydraulic liinc, and lliree of broken stone is a good pro- 
j-orlion. A inixlure of one part of Roman cement, one tj 
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sand, and i:iglit uf slone, has also been employed very 
fiiiccess fully. Beton is much superior to Concrete foz 
moist localiiies* 

The excavation should be made fourteen inches lowei 

ihiin the bottom of ihe proposed pavement, and filled with 
lliul deplb of the coucrcie or bclon, which seia very rap- 
idly, and becomes a hard, solid mass, on which a pave- 
meiil may then be laid. This is, perhaps, the most 
efficient of all the foujidations, but also the must cosily at 
first, though ihis would be balanced by its permanence 
and saving of repairs. Ii admits of access to subterrane- 
ous pipes with less injury to the neighboring '^avement 
than any other, for the concrete may be broken iiirough 
at any point without unaellling the foundation for a con- 
siderable distance around it, as is the case with founda- 
tions of sand or broken stones ; and when llie concrete ia 
replaced, the pavement can he al once reset at ils proper 
level, without the uncertain allowance for settling which 
is necessary in other cases. The blocks set on the con- 
ciete are usually laid in mortar. We will examine pre»- 
ently the propriety of this. 



The slonc should he of a kind which will r.ot wear 
inioolh, but which will always remain rough on the sur- 
face. Many varieties of granite arc of this character, and 
are therefore very suitable. The hardest stones are the 
best, and their specific gravity is a tolerable lest of iheii 
hardness. The hardest stones will also absorb but ijj 
of their volume of wal?r ; lender ones will absorb jV- 
The hardcal stones also, when struck by a hammer, give 
a dearer and more ringing sound than soft ones. Tendei 

• Mihsr. p. 40 
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Btones may be made mucli more durable by plunging 
lliem it) boiliiig bitumen, wbicli penelraies tlieir pores and 
prevents ibem from absorbing water, which is the most 
powerful ageni in iheir disintcgrulion. 



The size of ihe atones should be proportioned to the 
number and weigiit of the vehicles which will pasa over 
ihem, and as each stone is liable to have resting upon it 
the entire weight borre by one wlieel, it should be large 
enough to sustain this weight without being crushed, or 
depressed. It should also be no larger than a horse's 
hoof, so as to prevent any slipping upon its surface, even 
where unbroken by joints ; but the fulfilment of the first 
condition will generally make this impassible, and the se- 
lection of a proper quality of stone will render it unneces- 
sary. If stones of differcnl dimensions are admitted, tliey 
should be assorted, and only those of the same size should 
be used near each other, or the small ones will sink be- 
low the rest, and the depressions thus formed will be in- 
creased by every passing wheel. It Is therefore very 
desirable that they should be uniform in size. Cubes of 
eight inches in every direction seem to combine moat of 
these requisites. They should be very slightly tapering 
towards their lower ends, thus making them truncalej 
pyramids.' If they are much larger than this siatidard, 
the weight of a wheel coming on one end of one of them, 
will tend to depress it and to elevate the oilier end, bo 
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thai such large stunca would be Ices firm ihnn smaller 
ones. 

Hexagonal blocks have been suggested, and would 
form a more compact mass llian lliose of any other shape ; 
but thejr superiority in this respect would probably no' 
cniiipeiiaaie for (lie eiira cost of citlting them. 
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Tlie rectangular stones may 
be liiid in continuous courses 
across the road, but so as to ' 
"break joints" in the direction , 
of its Icngili, as sliown in Fig. 
111. It baa been observed, how- 
ever, that when stones are laid, as is usual, with their 
joints parallel and perpendicular to the direction of the 
road, they wear away most rapidly upon ihc edges which 
run across the road, since these receive most directly the 
shocks of the wheels, and thai the stones thus become 
convex. To prevent this, and ^'S- "3. 

to secure equal wear, lliey 
should be laid so that the joints 
cross the road obliquely, i 
king an angle of 4 
axis of the roadway. 
of joints may be coniinnoua, 
but the others should break 
joints, as in Fig. 112, ^ 

Oblong stones are preferred by the French engineers, 
with their upper siirfiices nine inches by five and a half. 
They should be laid, (if not diaf;onally) so that their great- 
est lenglh is across the street, their narrowest dimension 
being that passed over by the whrels. They thus offer less 
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resistance to drmighl than cubical 
blocks, according to llie experi- 
ments of Mortn. 

In the Bleep streets of Genoa 
tiie stones are laid in oblique 
rtinrses, pointing up the ascent, 
and meeliiigat an angle in the. cen- 
tre. Tlie continuous joints, wliich 
descend to the right and to tlic 
left, facililate the discharge of the 
rainwater. 



The lop surface of the foundation {of whatever mate 
rial it may be) wjiich forms llie bed for the paving-stoneii, 
is lo be sliaped, as directed on page 50, sloping each way 
from the centre, with inclinations ranging from I in 50 to 
1 in 100, Hittler in proportion to the smoothness of ilia 
surface. The stones should be so set lliat the joints be 
tween them will not exceed one quarter of an inch. Bill 
as they are not cut regularly enough to touch on every 
part of liieir surface, some substance must be interposed 
to fill up the vacancies, and to enable them to support 
each other. Mortar is used for this purpose on founds 
lions of concrete, and even on those of sand and broken 
stone. Sometimes gravel is put between them, and a 
grouting of lime-water poured in. Iron chippings are 
added lo the gravel to increase the adherence. But no 
adherent compouiid, such as these, can resist the con- 
limial vibrations and play of tlie pavement. Some other 
BubsUnce should liiercfarc be employed, which wili 
change its position of equilibrium, and never cease to All 
up the spaces beiweej} the stones, wbatover shocks they 
U 
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may receive. Sucli » BnbsLincc la pure scmd. Ilw 
qualiiy ncccssar)- lias been indicaicd on page 21S. A 
coaling of an inch shailU also be spread over the atones 
Wbcii the foundation is any ihing but concrete, the paring 
stones must be rammed, atler a certain portion has been 
liud, wiih a maul weighing 60 lbs., and those which break 
under this musl be replaced, and those which sink, lakea 
up and reset. 



When the paved road forms ihe middle portion, or 
causeway, of a wider road, with wings of earth or broken 
stone on each side of it, iis edges must be supported 
against the laleral thrust of the stones, by bordert of larger 
blocks, 9 or 10 inches wide, n (o 18 inches long and 13 
inches deep Thi \ are 1 ud as headers and alrelchers, so 
as to form a bond wrlli the paiemeni Tiieir outer edge 
ehould aloo have occasional projcctrons into the wings, so 
ihal a ml may not be there formed 

When the pavement is a citj street, the curb atones 
should be long blocks * 

Tliere should be no gut- , — i— i 

ter or other channel than ' | -^J 

that fonncd, aa m the ^^^^^a 

figure by the meeting of '■i*^^ 

the inclined pavemeiil wilh the curb stone, which should 
riBe6or8inchesabo\elhepiTement ^nd be sunk as deep 
into the ground as possible. Tlie fool pavements should 
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incline towards ihe street at the rate of one inch in ten 



The advantages of such a pavement are its smoothneae 
and uniformily of surface, enabling veliicles to be drawn 
over it wilii ease to the horses, comfort to ihe passengers, 
and but little wear and tear of the carriages, which can 
be therefore made much lighter than at present. At the 
same time it gives a good foothold to the horses ; causes 
very little noise, yet enough to warn the fool- passengers 
of the approach of a vehicle, and is very easily cleaned 
of the dirt which may collect upon it. It is also very 
durable, thereby rendering unnecessary the frequent stop- 
page of a street for repairs ; and though at first more 
expensive than cobble-stones, is finally far more eco- 
nomical. 

PAVLD AND HoADAM ROADS COMPARED. 

McAdam maintains that his roads are preferable to 
pavements, even for the streets of cities. He argues that 
they are cheaper, as requiring no more stone than pave- 
ments, admitting an inferior quality, and costing less for 
repairs ; and that tiiey give greater facility of travelling, and 
cause less annoyance from dust, when properly swept and 
watered. But experience in the streets of London shows 
the cost of broken-stone roads to be far greater than 
pavements, to which they are inferior in every respect. t 
The result of very full discussions at the Civil Engineers' 
Institution was, that a whin or granite pavement, of proper 
form and depth, laid on a sound bottom, is preferable to 

■ FameU, p. 13a t Fnmell, p. ISG. 
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any olhcr plan fgr carriageways in the melropolis and 
olhcr large ciiies. The objeclionti to the broken-stone 
roads are ihat they cannot rceisi the pressure caused by a 
very great intercourse, being liable to be thereby crualicd 
and ground into dust, which is easily convened inio mud ; 
that this hasLy and continual destruction and renewal 
would, in a great city, prove intolerably troublesome and 
■ expensive, wiiile the dust in dry weather, and the mud in 
wet, would greatly incommode the intercourse in the 
streets, as well as private dwellings and pubhc shops. 
The surface of broken stone is also more injurious lo the 
feet of horses than a good pavement, and less easy for 
their labor; and the expense of making and maintaining 
'he former would be at least fifty per cent, more than iho 
latter.* 

HOMAN ROADS. 

The ancient Roman roads, which, even at the present 
day, after the lapse of nearly two thousand years, may be 
traced for miles, as perfect as when first constructed, 
were essentially dreased-stone pavements, with founda- 
tions of concrete, resting on sub-pavements. The moat 
perfect modern constructions thus appear to be only im- 
perfect and incomplete imitations. The direction and 
length of the intended road were marked out by two 
parallel furrows, from the space between which the loose 
earlh was removed. The foundation of ihe road {Statu- 
men) was composed of one or two courses of large flat 
stones, laid in mortar, a bed of which was first spread 
over the earth. Next came a course of concrete {Rudus) 
formed ot broken stones mixed with quicklime, and 

• Telford in Pamelt, p. 351. 
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nes, three parLs of them were mixed with one of 
e ; if they were from old buildings, two purls of 
s used lo throe of the rubbish. Tlie third courso 
{Nucleus) was composed of broken bricks, tiles, and pot- 
tery, mixed wilh iime, which formed one-fourth of the 
whole. The mixture was spread in a thin layer, and in it 
were imbedded, so ihut their top surfaces were perfectly 
level, the large blocks of stone {Summa crusfa) which 
formed the pavement. These stones were irregular poly- 
gons, usually wilh 5, 6, or 7 sides, rough on iheir under 
side, but smooth on lop, and so perfectly filled together 
that the joints were scarcely perceptible. The entire 
thickness of the four strata was about three feet. When 
the road passed over marshy ground, the foundation 
stones rested on a framework of timber, (made of a 
species of oak not subject to warp or shrink) and to pro- 
tect this from the lime, it was covered wilh a bed of 
nisiiea or reeds, and sometimes of straw. On each side 
of the road were paved footpaths, and parapets ; with 
stones at regular intervals for mounting on horseback 
Milestones marked the distances to all parts of the empire 
from the MiiHarium aureum, a gilt column in the Forum 
of Rome. 
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JL. Gnnlte (Aipa an iprcul orer Van, Bud rmmmMJ dovn flinli with the 
ekrth. A concFBtB foundaliou, G inch™ thick, ii ronncd in reclBiigulac 
■ecilDUK. It coutaius I part af Roa?uditlo coment, 2] parU of ckan 
coarso sand, 2^ nf broken slons, aud 9 of grncel. On it rest reclanguiiir 
htoekaofsieuilit: giaiiite, 10 iuoheB deep, 10 lo 18 luug, aart 5 (o 12 wide. 
They are laid diagonally, at aiiglw of 45° with Iho lino of the slreel, and 
BO BK to form loaenga-ahaped com pa rime ills. Lewia holes in certain 
blocks, aud iron plates under lliem, give oB-iy accew to water and gn* 
pipee, permitting eicavaliooB 4 feet long, aud 3i wide. Tl* coiilrad 
pra* iu 1819 was 85-5" ?" sq""" y"* "f povenieul. 



IHFROrEMEflT OF THE StTRrACE. 



& ROADS OF WOOD. 

The abundance, and conscquenl chcupncss, of wtioil 
in o!ir new country, renders its employment in Road- 
making of greal value. It has been used in the fornj of 
logs, of charcoal, of planks, and of blocks. 

LOO noaos. 
When a road passes over soft 
swampy ground, always kept moist 
by springs, which cannot be drain- 
td wilhoiit too much expense, and 
which is surrounded by a forest, il 
may be cheaply and rapidly made 
passable, by felling a sufficient 
number of young trees, as straight 
and as uniform ii^ size as possible, 
and laying them side by side across 
the road at right angles to its length. 
This arrangement is well known 
under the name of a " Corduroy" road, of ' 
figure gives a lop and end view. Though its i 
hills and hollows offer great resistance io draught, and 
are very unpleasant to persons riding over it, it is nerer- 
iheless a very valuable substitute for a swamp, which in 
its natural stale would at times be utterly impassable. 
But necessary and desirable as these roads may be to 
accomplish such an end in the infancy of a settlement, 
their retention upon a great ihoroughfare is a disgraceful 
proof of indolence and want of enterprise in those who 
liabitually travel over them ; though several such instances 
might be specified. 
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A veiy good road has been lutely made llirough a 
Bwampy forest, hy fulling i.nd buniiiig the timber, and 
covering the surface with li.e chnrcoal lhu8 prepared. 

"Timber from six to eighteen inches ihtough is cut 
twenty-four feet long, and piled up lengthwise in Uie 
cenire of the road about five feel high, being nine feet 
wide at the bottom and two at the top, and then covered 
with straw and earlh in the manner of coal-pits. The 
earth required lo cover the pile, taken from cilher side, 
leaves two good-sized ditches, and the timber, although 
not split, is easily charred; and, when charred, the earth 
is removed to the side of ihe ditclies, the coal raked 
down, to a width of fifteen feel, leaving it two feet thick 
at ihc cenire and one at the sides, and the road is 
completed." 

A road thus made in Michigan cost S660 per mile, 
and is said to be very compact and free from mud or 
dust. At a season when the mud on the adjoining earth 
road was half axletree deep, " on the coal road, there was 
not the least standing, and the impress of the feet of a 
horse passing rapidly over it was like that made on hard 
washed sand, as the surf recedes, on the shore of liie lake. 
The water was not drained from the ditches, and yet tliere 
were no ruts or inequalities in the surface of the coal 
road, except what was produced by more compact pack- 
ing on the line of travel. It is probable that coal will 
fully compensate for the deficiency of limestone and gravel 
in many sections of the west, and, where a road is (o be 
conslrucled through forest land, that coal may be used al 
s fourth of the expense of limestone." 

Two such roads in Wisconsin were let by contriict al 
41.56 and $ .63i per rod, or S499 and S530 per mile. 
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^H Plan and Cro)i Smlim of a Plank Bond. ^^| 
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^V Tlie most valuable improvement since McAdam's, and ^H 
^H one superior to his in many localitiee, is the recent in- ^^| 
^^k vention oi covering roitds willi planks. The first plank ^^| 
^H road on this continent was caiisiruicled in Upper Canada ^^H 
^1 in I83e. A short piece, laid down experimentally, gave ^H 
^P so much satisfaction, as [o ease of travelling, and clieap- ^H 
^H ness of keeping in repair, that a mile of it was construct- ^^| 
^1 cd the nc.\t year at acust of S2100. lis success caused ^H 
^m it to be continued. Since then 500 miles have been ^H 
^H construcied in Canada, and more tlian 2000 registered ^^| 
^^ in the Smie of New-York ; and probiibly several thou ^H 
^H sands more in the other slates of the Union from Maintf ^H 
^H to Texan and Wisconsin. ^H 



PLANS ROADS. 

In the most gentrally approved syslem, two parallel 
rows of small aticks of timber (called indifferenlly sleep- 
ers, stringers, or siUs) are imbedded in the road, lliree or 
four feet apart. Planks, eight feet long and three or four 
inches thick, arc laid upon these sticks, across ttiem, at 
right angles to their direction. A side track of earth, to 
turn out upon, is carefully yaded. Deep ditches are dug 
on each side, to ensure perfect drainage ; and thus is 
formed a Plank Road. 

The benefits of covering the earth with some belter 
material have been indicated on page 188, and the pecu- 
liar advantages of this plank covering will be more fullj 
made known, when we shall have discussed in order the 
various details of construction.* 



The waste of labor caused by unnecessary ascents in 
a road, has been pointed out in the early part of this vol 
ume, (pages 32-36.) It was also shown (page 28) that 
it is profilable to the traveller lo go two or three iliousand 
feet around lo avoid ascending a hill a hundred feet high ; 
though the cost of constructing the addiiioniil length of 
road partially counterbalances this consideration. It was 
also proved that the smoother the surface of the road was 
made, the more injurious proportionally were such as- 
cents. They are therefore especially objectionable on 
plank roads, which hold an intermediate place between 
common roads and railroads. Some distinguished engi- 

• Hon. FbUo While's report to the Council of Wiscooalii, Fnbrunry, 
1848. embodies a very eilunded nrri eyBtemsIic collection of inrorainliaQ 
on tliiasubjPDL. To it, aad lo (he vnluiibte pahlishrd and bbligin|{ piiviita 
comniULiicitioLiB of Hou. George Geddei, C. E., (wbo iinit introduced and 
naturalized lb i> improvement in the United States,) the anlbor iamiicli 
indebted, as also lo iiiaa; other recent sources. 
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necrs have been led astray on this point. Their argu- 
ments, if carried out to their full extent, would lead to the 
construction of railroads also with similarly steep grades. 
It is true, as they state, that a given load can be drawn 
up a much steeper bill on a plank road than on a com- 
mon one, the friction on the former being so much less, 
bul (as proven on pages 34 and 35, whicii see) this will 
lessen in an equally increased ratio [be advantages of llie 
level portions ol the road. Let ua assume Liie resist- 
ance of friction, or " stick-tion," (as Professor Whewell 
calls it,) on a plank road to be one-third of thai on a good 
earth road. It will therefore be onc-si\iieth of the weight 
carried, if that of the earth be onc-twentielh. If, now, a 
horse can draw one ton on the level earth road, the total re- 
sistance will be doubled when he conies to a hill which rises 
one fool in going twenty, (1 in 20,} and be will be able 
to draw only half a Ion up this bill, and therefore his load 
on ihe level parts of the road would be but half a ton ; 
for it would be useless for him to lalie more to the hill 
than he could drag up it. Now suppose the same road 
to be planked, and this hill to remain untoached. On 
the level portions the same horse can now draw three tons, 
by our hypothesis. But the hill, rising 1 in 20, will offer a 
resistance three limes as great as does the " sliction" of 
the plank road, and the whole resistance in going up it will 
therefore hs four limes as great as on a level. The horse 
can therefore draw only one-fourtii of his former load, or 
only ihree-quarlers of a ion, which is consetjuenily the limit 
of his load on the level. Thus then this bill has brought 
down the ffuiti of the plank road over the earth to only a 
cjuarler of a ton, instead of two tons, which it would be, 
were the hill removed. Therefore, in laying out a plank 
road, it is indispensable, in order to secure all tbe benefitB 
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which can be derived from ii, lu avoid or cut down nil 
Sleep ascents. 

A very short rise, of even considerable steepness, may, 
however, be allowed lo remain, to save expense ; since a 
horse can, for a short lime, put form extra exertion lo over- 
come such an increased resistance ; and the danger o( 
slipping is avoided by descending upon the earthen track," 

A plank road, lately laid out, under the supervision of 
Mr Geddea, between Cazenovii and Chittenango, N Y , 
is an excellent exeraplificdtion of the true principles of 
roadmakmg Both these tillages are silualed on the 
" Chillenango creek," the former being BOO ftet higher 
than the Utter The mo^l level common road between 
these villages rises, however, more than 1,200 feet in go- 
ing from Chittenango lo Cazenov^, and rises more than 
400 feet in going from Cazenovia to Chittenango, in spite 
of this latter place being 800 feel lower. It thus adds 
one-half lo the ascent and labor, going in one direction, 
and in the other direction it goes up hill one-half the 
height, which should have been a continuous descent. 
The line of the plank road, however, by following the 
creek, {crossing it five limes,) ascends only ihe necessary 
800 feet in one direction, and has no ascents in the oiher, 
with two or three trifling exccplions, of a few feet in all, 
admitted in order to save expense. There is a nearly 
perpendicular fall in the creek of 140 feet. To overcome 
this, it was necessary to commence, far below the falls, lo 
climb up the steep hill-side, following up the sides of the 
lateral ravines, until they were narrow enough lo bridge, 
and then turning and following back ihe opposite sides t:!l 
tJie main valley was again reached. The extreme rise ■■ 
01 the rate of one fool [o ihe rod, (1 in lOj ;) and ihis only 
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for sliorl distances, and in only three insUnres. willi 
much less grade, or a level, intervejiing. The !itie piispos 
tliroitgli a dense foresl, which supplied 'As malerial. being 
cul into plank by sawmills erected in a gulf rever before 
appronclied by a wheeled carriage. 



A single track of plank, eight feet wide, with an earth- 
en turn-out track beside it, of twelve feet, will in almost 
all cases be sufficient. This gives twenty feet fcrihe 
least width necessary between the inside top lines of the 
ditclies, the width of which is to be added, making about 
two rods on level ground. If extra cuttings or fillings be 
required, the width occupied by their slopes must be add* 
ed to this. An earllie;i road of eight feet wide on each 
side vi the plank track, has sometimes been adopted. The 
New York general plank road taw fi.xed fo-ir rods (66 
feel) as the least permissible width thai plank roads might 
be laid out. This provision 1ms since been repealed. 

Wider plank tracks were at first employed. In Can- 
ada single tracks were made from 9 to 13 feet wide. But 
it was found, on the 12-fect Toronto road, after seven 
years' use, that the planks were worn only in the middle 
seven or eight feel, and that the remaining four or five 
feet of the surface had not even lost the marks of the saw. i 
One-third of ilie planking was therefore useless, and one- , 
lliird of the expenditure wasted, 

A double plank track will rarely be necessary. No 
one without experience in the matter can credit the amount i 
of travel which one such track can accommodate. Over 
a single track near Syracuse, 1GI,000 leazns passed in 
two years, averaging over 220 teams per day, and dunng 
three days 720 passed daily. The eurtlicn turn-out track J 
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must, however, be Itept in good order, and this is easy, if 
it slope off properly lo llie dilcli, for it is not cm with 
any continuuus lengthwiac ruts, bul is only passed over 
by llie wlieels of the wagiins wliicli Liirn olT from the 
Irsck, and return to it. They thus move in curves, which 
would very rarely exactly liil each other, and this travel, 
being spread nearly uniformly over the earth, tends lo 
keep il in shape mther than to disturb it. 

If, however, there i$ so much travel that the earth track 
will not remain in good order, then this travel will pay for 
the double track which it requires. But this should be 
made in two separate eight-fee: tracks, and not in one 
wide one of 16 or 24 feet, as was at first the practice. 
On a wide track the travel will generally be near its 
middle, and will thus wear out llie pSauks very une- 
qually, besides depressing tliem in their centre, and ma- 
king the ends spring up, and when it passes near one end 
ihal will lilt up, and loosen the olher. Besides, when a. 
light vehicle wisliea to pass a loaded one moving in ihe 
centre, as it naturally will, the former will be greatly de- 
layed in wailing for the other to turn aside, or else will 
have one wheel crowded off into the ditch. But where 
tliere arc Iwo separate tracks, the whole width of one is 
at ihe service of ihe light vehicle. On a sixieen-feet track 
near Toronto, the planks, having become loose and un- 
settled, were sawn in two in the centre, and this imper- 
fect double track, even without any turn-out path be- 
tween, worked belter than in ts original stale. An 
experienced constructor stales that if he were desired to 
build a road f.fly feel wide, he would make il in separate 
ejglil-fecl tracks. 

The wide track of 16 feet plank has sometimes been 
divided into two of eight feet, by spiking down scantling 



L 



S36 t»PROTEUENT OF THE SCKFACE. 

20 ttcl long, and six inches square, ntong Uie nikWle o 
the niati, at intervals of 100 feci in tlie clear, lieiwcflOl 
each scanUing, This, however, only partiiilly remediei 
the objections addnced. 

When the ground is of such a very nnsculcd and yiddJ 
ing nalure, such as loose sand, marsh, &c., that a Boliitv 
lurn-oiU track of earth cannot be made, planks, sixlee* 
feci long, may be used, resting on three, four, or fivvl 
sleepers, crowning in the middle three o" four inches, andiB 
llie ends sprung down, and pinned lo the outer sleepers 



The importance of elevating a road-bed above the level ' 
of the adjoining fields, and digging deep ditches on each 
side, has been already urged, (pages 53, 54,) and this is 
a fundamental requisile in making a good plank road. 
Employ the earth from the ditches, if good material, re- 
jecting the sods, to raise the road-bed. Give the ditches 
free outlets, cut their bottoms with true slopes, make under- 
drains, of cobble-stones and brush, across the road in wet 
pliLces, and use every precaution lo ensure thorough and 
complete drainage. Tliis will be more difficult in a flat 
than in a hilly country. If it be effected, however, the 
plank will last much longer, and the road be always in 
better condition.* 

The " cross- sec lion" of the road-bed, or its shape cross 

• The dilchea and aids alopcB of the road-lwd, utter being t>l""?hed .ip, 
may he most rapidly ahaprd by tbo use of a semper of (hiif form, ^, 
coiiiposedof two plaiika liiiigcjd together in froul, and kepi apart la Iho 
rear by an adjuslabla erosa-plBce. The team ib allachpif to the Buter 

dirccliua of the road, ao that It furma Ilia straight ettge of tlie bsuk, wliile 
Hit skew of the outer plank throws the earth to one eide In Ibe maniiet 
of a aiinw-plaugh. A man with B. loug levee iiuerted ia the outer side 
(egiilatea thlF more exactly 
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wise, helwccn the dilclies, imisl be carefully adjusted so 
a» lu freely carry off the rain which may fall on il. First 
decide iJii which side of the road I'le plank track i? to bo 
);ud. It should generally be on llie riglil-hand side com- 
ing from the country into a town, so that the faririera' 
wagons may keep upon it, when they bring in their heavy 
produce, and that ihc turning out may be done by those 
which are going back light.*' The twelve feet widib in- 
tended for the earth track should be heavily rolled or beat- 
en, to make it firm and hard. It sbould slope down from 
[he centre three-quarters of an inch to the fool, (I in 16,) 
and the eight feet of plank should fall ufT three inches, or 
1 in 32. From each side of the 20 feet thus graded, the 
bank should slope down to the bottom of the ditches at 
the rale of three inches to the foot, or 1 iii 4. (See Fig. 
115, a; page 230.) 

Tiie proper shape may be most easily and accurately 
given by the use of a common mason's level, hav'ing a 
tapering piece of wood Under it, (as shown in Fig. 88, 
page 173,) or liaving one leg so much longer than the 
other, as will give the slope required. If the plank be 
laid on an old roadway, no more of it should be broken 
up than is absolutely necessary for imbedding the sleep- 
era, as it is very desirable to preserve as solid a founda 
tion as possible. 



Material. — Pine, hemlock tamarack, oak, and walnut. 
have been used in Canada, Hemlock has been mostly 
tiBed in New York, from its abundance and cheapness 
Pine would be more durable. 

Number and size. — At first, five or six, each sis inches 
|uare, were placed under lO feet plank. The Canada 
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Board of WorVa' Specii'icaUon, 1845, directs four lo be 
pui under a 16-feet road, and tliree under a 10-feel road ; 
llie ouieronea to be five inches square, and the inner onca 
lo be aix inches wide, and Iwo inches thick, laid flaiwisc. 
On the New York roads of cigbl feel platilis, two sleep- 
ers, four inches square, have been generally employed. 
They have, however, been found inaufficieril, and the ex- 
perienced engineer of the original Syracuse road, strongly 
recommends sleepers 12 by 3, laid on their flat aides, and 
for an imporianl road would make them 12 by 4, or even 
12 by 6.* They should be targe and strong enough to 
bold up the plank road in case of a soft place for a few 
feet. Others argue, however, that they should be small 
enough to sink down with the earth as il settles -juder the 
planks, so ihalthesemay continue to bear upon the ground ; 
as otherwise ihe planks would be rapidly worn out by ihe 
springing thus caused, and would be soon rolled by liie 
confined air under vhcm. They also assert thai the only 
use of the sleepers is lo keep ihc road in shape when first 
laid down. Indeed, a road three miles long has been laid 
in Canada, willioul any sleepers al all under the planks 
and il worked quite well. Its advocates say that sleepers 
form a Irencli in which water collects, and is by them pre- 
vented from running off. It llierefore floats ihe planks, or 
washes out mud from under ihcm, and llms forms a 
ity, which produces the bad effects above mentioned. This | 
consideration would make light sleepers appear lo be w 
ihan none. The conclusion seems lo be that large si 
ers should be used for an importaul road ; and lliat : 
poor one, which expects to receive only light loads, 
which runs over a hard bottom, sleepers might perhupt 
be altogether dispensed with. 



I 



Lf.nglh. — Tlie sleepers used should be as slraig'il and 
true as possible. On ihe Syracuse road none less than 
l:i feet long were admitted. On Uie Canada road* iney 
are required lo be nol teas lliaii 16 feel, nor more than 20 
feel long. 

Laying. — Tlieir distance apart, centre to centre, should 
be such that the wheels of loaded wagons may pass di- 
rectly over ibeir middle ; or somewhat nearer lo iheir 
oulcr than iheir inner sides. This distance will therefore 
vary in diiferent sections of the country, according lo the 
usual " irack" of wagons.' If this principle be varied 
from, il should be by bjinging the sleepers nearer the 
middle than the ends of the planks, lo prevent any de 
pression in ihe centre. The fool-wide sleepers in ihe 
figure are drawn three feet apart in the clear, or four feet 
centre to centre. 

They should be well bedded in the earth, in trenches 
cut lo receive ihem, with their lop surface barely in sight. 
They should bear firmly and evenly ihroiigliout their 
whole length, and the earlli between them be well ram- 
med down, and made firm, solid, and even.'}' The steeper 
nearer the ditch is to be laid so much lower iban ihe 
inner ore, as to give ibe proper slope to the road, 
which is 30 important for carrymg off the rninwaler. 

Joinls.^Al the joints, where two sleepers come to 
gelher, end to end, ihey are liable lo sink under passing 
loads. To prevcnl tbis, various means may be employed 
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• The Bommoa track of wiigons, meaiur?il " from 
wliicli is Ihe eame as from ceiitrn lo cflnlra, ia fdur foel i 
Hule of New York, h, New Jaraey Bi.d Iho Soulhern S 
Id Cauu«cticut It vnriea frDin Ihree feel eight inchflJ for light 

fiir wlUillg the alecpers and tlie parth bolwoeil them, beii 
tlirm wveral times liefore tli»y are pbnked. 
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The broad Hleepers (12 by 3) may be sawn in twolengih- 
wisc, so as lo be ectcli ti by 3, and laid side by Bide, so na 
to " break joints i" tiie joiiils ol' one set being opposite 
ibe middle of Uie adjoining pieces, which form the oiber 
set. This arrangemeni is shown in Fig. 115, b, page 230. 
The sawmills charge no more for the sleepers in two 
pieces, each 6 by 3, than in one 12 by 3. A second 
remedy is to lay a Yig.ns.c, 
short board under the 
joints of the sleepers, 
as shown in Fig. 115, 
c. A third is to con- 
nect the ends by a " " *• 
mortice and tenon, two 
inches long, as in Fig. 115, d. A tourlli is to unite them 
by a bevel scarfing, three inches in length, reversed on 
each half, as shown in Fig. 1 15, e, in which, for distinct- 
ness, the two sleepers are represented as separated. In ^ 
every case the joittt on one side of the road ought to be j 
opposite the middle of the sleeper on the other side. 
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Material. — In Canada, pine, hemlock, tamarack, oak, 
and walnut, have been employed. In this State, hemlock , 
alone has been used, being the cheapest material to ba ' 
obtained. Its defects are its perishable nature, and ila 
numerous knots, which soon make the road rough, when ' 
the softer portions of the planks have worn away. Pine, 
oak, maple, or beach, would be preferable. In Wiscon 
sin, &.C., white and burr oak are abundant, and would I 
therefore be advaniagcously used. Oak would make the ■] 
most permanent road, from its superior capabilities of r 
Biating both wear and decay. From its greater weight itd 
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Ytuuld cost a lillle more for hauling and handling. The 
Blipperiiiess of hardwood has been made an objeclion to 
It, but t!ie sand with which the road should be covered, 
would obviate ihia. Whatever sort of limber is em 
ployed, it should be sound, and free from sap, bad knots, 
shakes, wanes, or any other impcrfeciions. The plank 
should be full on the edges, and not less llian nine nor 
more than sixteen inches wide, if of soft wood, or not more 
than twelve, if of hard wood. 

Thickntss. — The planks are usually either three or four 
inches thick ; but the builders of the later roads prefer 
giving less strength to the plank, and more to the sleep- 
ers, which are more durable ; and therefore recommend 
three-inch plank, with sleepers a fool wide. With hem- 
lock plank, any thickness beyond three inches is wasted, 
for when two inches have been worn down, the projecting 
knots will make the road too rough to travel on, and it 
will require renewal. One inch more will be sufficient to 
hold the knots in, so thai we get three inches as the prop- 
er thickness.* With less knotty limber, thicker plank may 
be used, provided there wiil be travel enough to wear out 
the whole thickness from above, before itunprofitablyrola 
out from below. When two tracks are laid, that which 
would be travelled by [he loaded wagons going to market 
may be laid with four-inch plank, and the other track, for 
ihe light wagons, willi three-inch plank. 

Laying. — The planks should be laid direclly across the 
road, at right angles, or " square," to ils line, as shown in 
Fig. 115, b, on page 230. The ends of the planks are 
not laid evenly to a line, bnt project three or four inches 
on each side alternately, so as to prevent a rut being 
formed by the side of the plank track, and to make it 
easier for loaded wagons to get upon it ; as the wheels, 
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inslejc! of scraping nlong ibe ends of ihe plants, when 
coming luwarda the Irack obliquely afler luriiing off, will 
on coming square againsl ibe edge of one of lliese pro- 
jecling planks, rise directly upon it. On ihc Canada roads, 
every lljrec planks prujecl three inches on eacli side of 
llie road aliern^iely, as shown in Fig. 115, b. 

The planks were laid lengthvise of ihe road, on ihe 
first one running from Quebec, it being supposed that they 
would wenr better, and could be more easily taken up and 
replaced. But it was found that loaded horses slipped, 
upon ihem, {the longitudinal direction of the grain giving 
no hold to the feet,) that ruts were soon worn in thetn, 
and that they did not keep their places. This arrange- 
ment is therefore now abandoned. 

The planks have also been laid ohiiqueJy, diagonally, or 
" skewing;" so as lo make an angle of 45 degrees with 
the line of the road, twelve feet plank making an eight- 
feel wide road. This plan is adopted on tiie Longeuil 
and Chambly road near Montreal. Its advantages are, 
that the edges of the plank are not worn down so soon as 
when tiie wheels strike them directly, (as was shown -n 
reference to pavements, on page 222 ;) that the zigzag 
ends of the plank facilitate the gelling on the track ; and 
thai there is leas loss on the rejected, or " cull" planks of 
12 feet, than on those of 8 feel. But when a wagon- 
wheel comes upon one end of a plank laid thus ohliquely, 
the other end, having no load to keep it down, will spring 
up, if nol fastened to the sleeper ; and if it is, the spikes 
or pins will finally be loosened. Each end of earh plank 
undergoes (his action in turn, and thus liie road is injured 
and broken up The first method of laying the planks — 
nt right angles to the direction of the road — is niucli to 
be preferred. 
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The planks muM be laid so as lo bear equally on the 
Bleeper§, and on ilie ground between ihem, depcnt:n(( 
cliiefly on llie latter fur llieir support. The cinli mua« 
be well up lo and loucliing the planks at every foiiil, fot 
if any space of confiijed air be left, dry rot soon followa 
If any water be allowed to get under the plank.i, il forma 
a soft mud, whicli is pressed up between llicin, and de 
posited on tiieir surface, thus excavating a cavity under 
them, and rendering thetn liable to move under passing 
loads in a manner which soon wears them out. They 
must also be laid to close joints* 

Fastening. — On the Canada roads the planks have 
generally been spiked or pinned down lo Uie sleepers. 
The specification of the Board of Public Works directs 
them to be spiked " with one spike at each end for planks 
12 inches wide or less, and two at each end for planks of 
a greater width. The spikes are to be of the description 
called 'pressed' spikes, made of the best English or Ca- 
nadian iron. They are to be 63 inches long, | inch 
square, with chisel-shaped edges, and good bioad heads, 
and are lo weigh five to a pound. They are lo be driven 
with ihe chisel-edge across ilie fibres of the wood." 

On ihe New York roads this has been considered an 
unnecessary expense, since the loads come equally npou 
bolh ends of the transverse planks, and thus tend lo keep 
them down in their places, their own weight assisting in 
this. But in wet, and badly-drained places, a new con- 
sideration intervenes. If tiie planks arc nol fastened down, 
they will float as soon as an inch of water gets under 
thetn. The wheels of a loaded wagon pressing down 
each plank in turn, drive the water before them, till it 
finally attains force enough to tlirow up a plank, and thus 
break up the road. On the other hand, when the planks 



244 



IMPftOVEUENT QF THB SURFACE 



are fastened down, tlie whole road is floated, and the vi- 
brations produced by ilie passing loads dri?e the water out 
on the aides and lop of llie road, and excavate cavities, 
which ought to be immediately tilled up, an operation 
wiiicli is made diflicult by the fastening down of the planks 
10 tlic sleepers. It ia therefore thought better to leave 
',he plank free, and allow them to be thrown out of place, 
and thus at once give free passage to the water, and pre- 
vent further mischief; a repairer being kept constantly at 
work upon the road, and required in rainy weather to pass 
over every portion of it once or twice a day. It might be 
well, as a compromise, to spike down planks at short in- 
tervals, say every fifth or tenth plank, the rest being well 
driven home against these. 

Covering. — The planks having been properly laid, bb 
has been directed, should be covered over one inch in 
thickness, with very fine gravel, or coarse sand, from 
which all stones, or pebbles, are to be raked, so as to 
leave nothing upon (lie surface of the road, that could be 
forced into and injure the fibres of the planks. The grit 
of the sand soon penetrates into the grain of the wood, 
and combines with the fibres, and the droppings upon the 
road, to form a hard and lough covering, like felt, which 
greatly protects ihe wood from the wheels and horses' 
shoes. Sawdust and tan-bark have also been used. 

The load is now ready for use. 



Tlie chief items in the cost of a plank road are the tim 
ber and ihe earlh-work. Tiie price of the former will 

rary greatly in different localities and at different limes. 
The cost of llie latter, as well as of bridges, culverts, Ac, 
will generally be different on eve-i mile of road, 'i'be 
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cost of plank loads in general, therefore, cannol be defi- 
nitely Slated. The following estimate gives the extremes, 
OnihepUn recommended, the p/anAin^ will require, 
per mile, 6 X 3 x 5280 = 126,720 feet ; and the sleepers 
(2) XI X3 X 5280 = 31,680 feet; in all 158,400 feet; 
or, say, 160,000 feet, board measure. Shaping the road- 
bed, and laying ihe sleepers and planking, costs from 30 
cents to 81 per rod, according as llic hue is new, or on an 
old bed, and the soil easy or hard to work. The number 
of gate-houses will be governed by the opposing consider 
ations of making them many, so that no one can travel far 
on the road wiihout paying therefor ; and few, so thai llie 
expenses of collection may be small. By ihe New York 
Plank Road law, the toll-gates are not to be within three 
miles of each other. The item of contingencies will not 
bear any relation to tite varying cost of the plank, and 
therefore should not be estimated by a percentage, as is 
usually done These points being premised, we arrive 
at the following estimate of Cost per mile ; 

Plank : 100 M. ; tl 10 9l0 per M.; . $640 to $1G00 

Shaping and Laying ; 30 cents to $1 per rod, 06 " 320 

Gate-houaes : pet mile, .... 50 " ISO 

Engineering and superintend once, . . 100 " 100 

Contingencies, 100 " 200 

$986 to $3370 

We thus see that the cost per mile will range from, say, 
HOOO to S2400, exclusive of extra earih-work, bridges, 
cuberls, ice. From 10 to 15 cents per cubic yard may 
be eatimaied as the cost of the excavation, including put- 
ling it into embankment, except when carried over one or 
two hundred feet, (see page 132;) and it should be stip- 
nlaied that no cutting of less than ',wo feet depth, should 
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be couDled; or paid for, ns " excavalion ;" but be con- 
Bidered as included in ihe general price for laying. In 
making a new road ihrongli a forest, tlie clearing and 
grubbing will be a new iiem of expense. Auu ten per 
cent, upon llie cost of these items for contingencies inci- 
dent to liiera. The land is supposed to be giffen. 

Tlie Si/racuse and Central Square plank road, 16 
miles, cost 81487 per mile, with lumber at 85.20 per M. 
It has a single eighl-feet track, except over a few spots of 
yielding sand. The Rome and Oswego road, 62 miles, 
cost 880,000, or about 81300 per mile ; lumber costing 
from 9i 10 $o per M. It is of eight feet hemlock plank, 
three to four inches thick ; with grades cut down to 1 in 
20 near Rome, and at llie western end, where it is more 
hilly, to 1 in 16j. The Utica northern road, 22 miles, 
rosl $42,000, (besides 86000 for right of way over a lliro- 
pike,) being nearly $2000 per mile, five miles being a new 
line cut through woods, at an extra cost for clearing, of 
$500 per mile. Deduct this, and the average cost would 
be about $1900 per mile. A short road near Detroit, 
eight feet wide, laid on a travelled roadway, cost, with 
lumber at $6 per M., S1500 per mile. 

The first New York road (Syracuse and Central 
Square) was not built by contract, but by days' work, so 
as to ensure the perfect bedding of the timbers. It was 
also found that the work was done at a less cost than the 
bids of contractors, who made such offers as would se- 
cure ihein against loss in a work then new and untried. 
In a road where ihere was much earthwork, that at least 
should be let by contract. The road should also be divided 
into quarter-mile sections, and the lumber for each be 
contracted for, to be equally distributed along the line, 
when delivered The actual laving upon the graded bed 
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coiild then be done by days' work. All ihe opcraliong 
siioiild be under ilie charge of an intcUigenl and efficient 
engineer. 



A plank road may require renewal, either because it 
has been worn out at top by ilie travel upon it, or because 
it has been destroyed at bottom by rot. Gut, if the road 
have travel enough lo make it profitable to its builders, it 
will wear out first; and if it does so, it will liave earned 
abundantly enough to replace it twice over, as we sliall 
see presently. The liability to decay is therefore a sec 
ondary consideration on roads of importance. 

Wear, — The acluat wear is of course proportioned to 
the amount of travel. The most definite results have 
been obtained on the first New York road, tJiat from Syr- 
acuse to Central Square. In its first two years, ending 
July, 1648, more than 160,000 teams passed over iu first 
eight miles. This travel wore Its hemlock plank down 
o?te inch, where they had not been floated. Another incli 
could be worn down before the projeclions of the knots 
would make it necessary to relay the road, so that it 
would have borne the passage of 320,000 teams. But 
this is an under-esiimate, inasmuch as the wear and tear 
of the first year is more than that of several following; 
since the first travel upon the road tears off the outer 
splinters and fibres cross-cut by the saw, while the 
coating subsequently formed protects the plank from 
irear. Upon a Canada pine road, (ravelled over by at 
least 150 Iwo-liorse teams per day, (50,000 per year,) the 
road had worn down in two years only onc-quarUir of an 
inch ; and this loo was attributed chiefly to ils exposure 
the first year without sanding. It was estimated that 
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■andtid plaitk on this road would wear at least ten yean. 
Oak would of course wear longer. 

Decay.- — ^As to natural decay, do hemlock road has as 
yet been in use long enough to determine how long the 
plank can be preserved from rot. Seven years is per- 
haps a fair average. Different species of Itetntock vary 
greatly ; and upland timber is always more durable than 
that from low and wet localities. The pine roads in 
Canada generally last about eight years, varying frona 
seven to twelve. The original Toronto road was used 
chiefly by teams hauling steamboat wood, and at the end 
of five years, began to break through in places, and, not 
being repaired, was principally gone at tiie end of ten 
years. Having been poorly btiili, badly drained, not 
sanded, and no care bestowed upon it, it indicates tbe 
minimum of durability. Oak plank cross-walks in De- 
troit, the plank being laid flat on the ground, have lasted 
two or three times as long as those of pine. It Ja be- 
lieved that oak plank, well laid, would last at least 12 
OT 15 years. One set of sleepers will outlast two plank- 
ings ; several Canada roads have been relaid upon the 
old sleepers, thus much lessening the cost of renewal. 

A Canadian engineer thinks that $20 per mile would 
be required the first year ; to restore the grade when 
it had settled, to fasten loose plank, &c. For the nest 
five years, $10 per mile, and then there would be some 
planks to be replaced. The repairs would then increase 
so as to amount to a renewal of U>c surface at the 
end of four years more, making ten for the age of the 
road. 
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Plank roads are the Farmer's Railroads. He profits 
most by [heir conalmction, though all classes of the 
coiDinunity are benefited by any such improTement, 
as has been fully shown in the "Introduction" to this 
volume. The peculiar merit of plank roads is, that the 
great diminution of friction upon them makes them more 
akin to railroads than to common roads, with the advan- 
tage over railroads, that every one can drive his own 
wagon upon them. Their advantages naturally divide 
themselves into two classes ; their utility to the comoiu- 
nily at large, and their profits to the stockholders who 
buiid them. 

1. To the community. A horse can draw on a plank 
road from two to three times as much aa he can on an 
ordinary Macadam or good common road. On the latter 
roads one ton is a fair load for a single horse, and 3000 
lbs. the utmost allowance. But upon a plank road, a 
Iwo-horae team has drawn six tons of iron ; another has 
drawn, for several days in succession, over two cords of 
green beech and maple wood, estimated at six tons also, 
and could draw four or five tons, thirty miles a day con- 
tinuously. These results of experience agree with the 
calculations founded on the data of p, 63, taking the fric- 
tion on 1 Macadam road at gVi (^^e average of tlie two 
values there given,) and that on planks at j',-- "^'^^ re- 
sulting ratio is 2f to 1. 

A great degree of speed can also be obtained upon 
plank roads with much less injury to the vehicles and to 
the horses feet than on a Macadam road, though contrary 
impressions have sometimes been caused by the excessive 
fipeed with which their light draught often causes horses 
to be driven, without the driver being aware of it. Eight 
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feet of a Canadian McAdamized road, disniplcd by 
froBi, was taken up, and planked over ; and the horses 
when reined from the plank to the atone, in turning out, 
would of their own accord, if not prevented, immediately 
turn back upon llie plank. 

But the peculiar advantage to the community of plank 
roads is iheir continuing in perfect order, and affording 
undiminished facililies for travel, at all seasons, while 
common roads are rendered impassable by the continued 
rains of autumn, the occasional tbawa in mid-winter, or 
the " breaking up" in spring. They thus enable the 
farmer to carry his produce to market at seasons and 
in weailier when he would otherwise be imprisoned at 
home, and could not there work to advantage. Hia farm 
will therefore be made more valuable to him ; and it 
has accordingly been found that the value and price 
of lands contiguous to those roads have been enhanced 
by their operation to such a degree as to excite the envy 
and complaints of those living off tlieir line. The les- 
sened " stiction" will also enable him to carry his former 
load to a more distant market, if desired, or to carry to 
his former market a larger load, and therefore at Jess 
cost per bushel, hundred-weight, or cord. He can there- 
fore sell cheaper, and yet gain more. The consumer 
of his produce, wood, &c., gets a better supply of all 
articles, and at lower prices. The shopkeepers carry on 
an active trade with their country customers, at times 
when, were it not for these roads, they would have noth- 
ing to do. It is one of those few business arrange- 
ments by which all parlies gain, and which, therefore, 
in the words of Clinton, actually " augment the public 
wealth." 
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S. To the stockfiolders. The annual profits of a 
plank road will of course be governed by tlie two ele- 
menls of its first cot^t, and the amount of travel upon it. 
The latter should be approximately determined in ad- 
vance, as directed on page 66. One important point 
has, however, been delefinined with considerable accu- 
racy, viz. : how much a road will earn before it is worn 
out Upon the first eiglit miles of the Syracuse and 
Central Square plank road, the tolls during its first two 
years, ending July, 184;^, amounted to $12,900, and the 
expenses for salaries and repairs to 81,500; leaving 
811,400 for dividends and rebuilding. This amount of 
travel had worn llie plank down one inch. Another inch 
could be worn down before a renewal would be neces- 
sary, and the road would (hen have earned $22,800 
above expenses, or $2,850 per mile. This experience 
indicates that hemlock plank before being worn out, will 
earn two or lliree times their original coat. The surplus 
above the cost of renewal will therefore be payable in 
dividends, amounling in gross to between 100 and SOO 
per cent, upon the first cost of the plunk, (ihat of the 
wkole road hearing no constant ratio to this ;) the amount 
of each annual dividend being of course greater the more 
rapidly this wearing out, with its concomitant and pro- 
portional earning, takes place. 

This calculation Is predicated on the tolls established 
by the New York Plank Road law, which are as follows : 
For any vehicle drawn by two horses, &c., 1 1 cents per 
mile, and { cent for each additional animal ; for vehicles 
drawn by one horse f cent per mi.e; for a horse and 
rider, or led hirse, ^ cent; lor every score of sheep, 
Bwine, or neat 'altle, one cent per mile. But tiie com- 
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panics are not to cliarge more limn will enable them tc 
pay annual dividends of 10 per cenl. upon the stock aciu* 
oily paid in and expended on llie road, after keeping the 
road in repair, and setting aside 10 per cent, for its re- 
RonstTuclion. This restriction has aioce been repealed.* 

The great objection to plank roads in the eyes of an 
engineer is their perishable nature, and consequent final 
destruction. But this fuult is one not peculiar lo plank 
roads, but common to nil in a greater or less degree. 
Thus in the case of broken-slonc, or McAdam roads, 
usually cited as contrasting models of durability, we find 
that they wear away so rapidly as lo require not only con- 
stant repairs, but, when well kept up, an actual addition 
lo their substance of one cubic yard per mile fw each 
beast of burden passing over them, (see page 209;) and 
the 80,000 teams per year which passed over the Syra- 
cuse road, would have required an amount of broken 
stone, to replace their wear, enough to renew it many 
times over. A Canadian report to the Board of Public 
Works shows that the cost of one mile of McAdam road 
will there make and maintain nearly four miles of plank 
load ; and on one road the substitution of plank for bro- 
ken stone effected a saving of an amount sufficient to re- 
plank the road every three years, if that had been ne- 
cessary. The New York Senate report states that a 
plank road over the same line with a McAdam one can 
often be built and maintained for less than the interest on 
the cost of a McAdam one, added to the expense of ita 



* Tie New York Lbwb relaling to Plank Roads, i 
aiD,a!il7,398; 1848. eh^iL 360 : 1649, cbapL Q5D. 
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necessary annual repairs. But even if a plank road was 
Blill more perishable than is is, and was worn out in one 
year, slill, if in that time it had repaid its cost two or 
three fold, (as we have seen it would do,) it would be so 
much the more profilablc investment ; and ihia is the 
final object of all private engineering constructions. 

It should not be forgotten by the engineer engaged in 
laying out a road for a private company, that their inter- 
ests, and those of the public who are lo use tlie road, are 
not identical. The public wish the road lo be so laid out 
that they can carry over it the greatest possible loads at 
l!ie least possible cost. The stockholders generally wish 
oniy to secure lo themselves the largest possible amount 
of tolls in return for the smallest possible investment. 
These two interests conflict. The steep ascents, so in- 
jurious to the travelling public, as shown on pp. 231-3, 
are advantageous to the company who plank the road, 
since they prevent large loads being carried, and thus 
produce a twofold gain — ihe amount of tolls being pro- 
portioned to the number of the loads, and not {us they 
should be) lo their weight ; and the carriage of such ex- 
cessive ones as would break defective plank being thus 
prevented. The engineer of the company must therefore 
sacrifice the absolute perfection of his road to ibis requisi- 
tion of policy, and may leave sleep ascents untouched, thus 
saving the first cost of culling them down, as well as in- 
creasing the subsequent receipls. But, on the other hand, 
if the grades of the road be not sufficiently improved, it 
may not attract the expected amount of travel. A pru- 
dent compromise must therufore be made between these 
opposing interests 
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Pavements formed ot wooden block: 
usually lieiigoiiitl in "hape p<j»>4C 
many advanlages. Tliej cau e Liil 
resistance lo driiught ; are almost oj 
lircly free from noise are easil\ 
kepi clean ; are easy lo a horse s hool 
lessen Ter>' much tlie wear and tear i 
of rehiclcs; are pleasant lo travel 
lei5 ; admit of greal speed and are chcdper in ilieir firs 
COBI than granite blocks. 

To counterbalance these recommendations, ihey are 
slippery and tlicefore dangerous in wel wealljer ; and are 
very perishable, both from wear and from decay. The 
slipperiness has been obviated by grooving and striating 
Uicir surface, but this lessens their ease of draught and 
noise lessncss, and increases their coat.' The rapidity of 
ihcir wear may be lessened by selling lliem on a founda- 
tion of broken slone, or of concrete, so shaped as lo rap- 
idly drain the water from their bottoms j and by covering 
their surfaces with a mixture of boiling lar and clean 
gravel. Their decay may be prevented by various chem- 
ical preservatives, of which the principal are, Kyan's, who 
saturates tlie wood with a sotuiiim of bichloride of mer- 
cury or corrosive sublimate (one pound lo five gnilons of 
water) ; Burnett's, who uses a solution of cliloride of zinc, 
(one pound lo ten gallons of water) absorbed in a vacuum ; 
Renwick's, with coal tar ; and Boucherie'a, wiih the im- 
pure pyroligniie of iron, absorbed by the vilal action of 
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&DAM OF BB[CKS, CON'C[tF:TR, ETC, 



Hullanil of hara burnt bricks, oi 
irm fuundation, and set on edge, 



across the rnad. 
Fig. in. 



A belief 



Roads are made 
" clinkers," laid on 
with iheir longest di 
bond would be obtained by 
sucli an arrangement as is 
shown in tbe figure. But 
the presaiire of heavy loads 
and the blows of horses' 
feel are too powerful for 
bricks, which should therefore be reserved for fool-pave 
menis only. 




Roads of concrete, or belon, six to eight inches thick, 
(such Hs has been described as the best foundation for 
granite blacks) have been warmly advocated in France. 
particularly far ihe use of steam carriages, in ihe place 
of the more cosily, though more perfect railroads. Con- 
crete will sustain great weights, carried on wheels, with 
. little injury, but has been found (on ihe towpath of a ca- 
nal aqueduct) to be rapidly destroyed by the feet of 
horses. 



This material has been Iried several times, but aban- 
doned in consequence of its wearing so smootii as to 
cause horses to slip 
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ASPHALTUH. 

This name has been given lo a bituminous mastic, of 
which the principal localities are Seyssel in France, and 
Val-de-iravers in Switzerland. A limCBlone is also there 
found, which contains from 3 to 15 per cent, of bitumen. 
The stone is broken into fragmenla of the size of an egg, 
and ground lo powder. A certain proportion, usually 
from C lo 10 per cent., of mineral lar (obtained by boiling 
in water the bituminous sandstone of the same place) is 
combined with the limestone, by heuting the former in 
iron boilers, and gradually adding and stirring in the 
powdered stone. In this slate it is poured upon a level 
surface, and forms smooth cakes, over which gravel is 
spread. It is too weak for carriage-ways, and in this 
chmate loo soft in summer, and loo brittle in winter, for 
even foot-pa vemenls ; but in Paris the asphaltum side- 
walks of the Boulevards are most perfect specimens of 
pavements. The asphaltum is melted on the spot in 
large caldrons, and poured within a moveable frame lo the 
desired thickness. The edges of these slabs are united 
with the same material, and the pavement before an en- 
lire block of houses is thus made one smooth level sur- 
face, unbroken by a single joint. 



A pavement, formed by mixing gravel with melted 
caoiiteliouc, or gum elastic, has been tried in London. A 
specimen in the court-yard of the Admiralty, in 1844, 
was very pleasant to walk upon, but showed permanent 
depressions where heavily loaded vehicles had passed 
over it 



7. B0AD8 MnXH TRACKWAYS. 

"Wlien whee.cd carriages are drawn by Iioises, the 
wheels should move on ihe smoothest and hardest sur 
face possible, wliile the horses require one rough enough 
to give ihem a secure foothold, and soft enough to be 
easy to ihejr feet. These two opposite requirements are 
united only in Roads with Trackways, on which two 
parallel tracks of suitable materials are provided to re- 
ceive the wheels, wiiile the space between the iracks is 
filled with a different material, on which the horses travel. 
The wheel-tracks are usually of stone, of wood, or of iron. 



The Egj'piians seem to have first discovered the value 
of stone trackways in moving great weights, for traces of 
such contrivances have been found in the quarries which 
supplied the enormous stones of their Pyramids. In 
modern limes ihey reappeared in the slreels of Pisa, and 
are now genera! in those of Milan. They have of late 
years been used with great advantage in London, upon a 
road over which 250,000 tons annually passed, in wagons 
carrying each five tons. The repairs of this road for 
thirteen years cost less than one hundred dollars. The 
fricticn upon this stone trackway was so mucli reduced 
(being only y J, of the weight) ihat a small horse (weigh- 
ing 4J cwt.) could draw on a level IS ions ; and a pow- 
erful horse (weighing 14 cwt.) 30j tons, at the rate of 4 
miles per hour. On this road the tracks were blocks of 
granite 5- or 6 feet long, 16 inches wide, and IS inches 
deep. The space between them was paved." 



• Parn-U. p. 106 
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A similar Iruckway of slonc lias been used wilh grea 
advanUijje to faciliintc ilie ascent of a sleep lull, as a sub 
stiluie for reducing llie inclination. Upon the Holyhead 



road, two Inils, each » 



I length, had : 



iclinalioa 



of 1 in yo. To reduce this to I in 24 would have ( 
8100,000. Nearly the same advantage, in diminishing 
the tractive force required, was obtained by moderaie 
cutting and embankment, and makmg stone trackways, at 
a lota! expense of less ihan half the former amount. To 
draw one ion over the original hills rccjuired a power of 
294 lbs. ; to draw it over the trackways laid on ihe same 
inclinations required only 132 lbs. ; so that the tractive 
force was reduced more than one-lmlf by this improve 
mcnt ; and the eiTect was the same as if the hill had been 
cut down la a level, ils surface remaining unchanged 
The arrangement of this trackway is shown in Fig. 118 



Ft tie. 
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The blocks «pre nf granile, rwslve inclies deep, fuurteei) 
Inches wide, nnd nnt less Ilisn fuur feel lung. A roundatioa 
for (hem was prepareil hy miking an excivaiion, 8 feet wide 
■n<l 85 inchps cfeRp. On ils levelled boltom was laid a rough 
pavement (like that deacriherl fur the "Telford toad," papo 
SIO) ei^hl inches deep. The joints were ulao filled with 
gTBTcl. Upon lliis pavement wcrn bid three inches of hroken 
■toneB, Duie exceeding one and a 'lalf inches in their longest 
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dimensionH, On them was a layer of iwo inchpa of ihc best 
graie), over whiuh a heavy roller wiis passed. Upon ihis ilio 
Bliine blocks or " Irania" wsre loiJ lo a very accurate level. 
The epacea between and ouUide of Ihem were titled up lo a 
depih iif SIX inches with broken limealime. On each side ft' 
the blocks was placed a row of paving-stones of granite, aii 
inches deep, live inches wide, and nine inches long. The re- 
maining space waa filled up with hard broken slone, and the 
whole covered with u lop dressing of an inch of good gravel." 



In districls where limber abounds, it may be subslituted 
for slone in forming iracks, on which ihe wheels of or- 
dinary vcliides may run. Projections on ihe sides of ihe 
tracks may be employed to retain tlie wheels upon tliem, 
bill llic moieture retained in the joints would cause rapid 
decay, ajid if any such precaution be thought necetisary, 
a furrow or gulier in one of the tracks would be prefera- 
ble.! It would of course be necessary in this case, that 
the road should everywhere have sufficient inclii uiion Lo 
carry off ihe water, which would otherwise fill the 
furrow. 

Fig. 119. 



Tlie road bed should first be properly shaped, wilh an 
inclmation each way from the centre, and ihe limbers be 
completely imbed(it.d in it Two tracks should be laid, 
for the travel m ihe iwo directions A faster lehicle, 
overtaking a slower one, could easily leave the track and 



• Psmell, p. 109. 

t Sm report of Mr Jno. S. Willionu, Americao Mechanics 
Hne, p. 210 



re-enler ii aficr passing. The outside Umber of eadi 
track shouliJ be smoolb on iu upper surface, and Lbc 
inner ooc have hollowed in it a furrow, about 3 iochca 
deep, 4 inches nide at botlom, and twice that at top. 
The flat limber should be wide enongii to allow for llie 
UBual variation in the widliia of vehicles. The rise of tlie 
road between the two limbers should jnst equal the depth 
of the furrow, so thai ihc two wheels may be on the 
same lerel. The distance between the centres of the 
timbers sliould be about 5 feet ; between t!ie two tracks a 
space of four feet should be left; and on the outride of 
each, nine and a half feci fur a summer road, makings 
total width of 33 feet, or two rods. 

The railroad from Clifton to the Adirondack mines, 
New York, is made of wooden rails. They are of hanl 
maple, 6 by 4 inches, and 14 feet long. They are set on 
edge intc notches iu the ties, and are fastened by wooden 
Wedges. 
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mON TR>CKWAVS. 

The wooden tracks, adopted more than two centuries ago , 
in the coal-mines of England, were before long covered 
with thin plates of iron to increase their durability and to 
lessen their friction, and subsequently replaced by tracks 
entirely of iron. While a flange on Fig, 120 

their sides was used to keep car- ! 

riages upon them, they were "tram- ■: 

roads," but when the flange was r ^ 

Irausferred from the road to the wheel, 
the trackway became a Railwav. 
The extent of liiis topic demands for 
it a separalo chapter. 
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CHAPTER \ . 

RAIL-ROADS. 



"Nolliing can do more harm to I 
ptomiilgaltoa of nich nonlrntt aa III 
tfaveUiog at Oia rata of tS, IB, le, i 



<r niilroadB, than tlis 
e locamolive engiiiM 
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:aleni Railway, drawing 59 loni, 
te oC G3 mlieB pet hour:" 
RiTCtiLE, oa RailwayB, 1346. 



The great success and rapid extension of railroads, are 
due to ihal appreciation of ihe value of lime, which is 
the characlerisiic of the present age. The speed obtained 
upon them vinually and practically shortens dislances in 
l!ie precise ratio in which it abridges the lime occupied 
in travelling over tliem. 

The rapidity of motion and power of traction, which 
are attainable on railroads, depend on their diminution of 
friction. This is the chief element in the improvement 
of tlie surface of ail roads, and in the preceding chapter 
we have considered, in the order of their progressive 
merits, ihe various means which may be employed for 
thiit object. In railroads we have arrived at their. 
climax. 

The essential attributes of a railroad are two smooth 
surfaces, usually of iron, for the wheels 1o run upon. 
These surfaces must be made as narrow as possible, to 
llieir cost, and some contrivance to keep the wheels 
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tipoT) tJiem is then rendered nccesaaiy ; the usual one at J 
prevent being a projection, or " flauge," od tiie inner liofl 
of llic wheel. 

Since the peculiar wbeeU, which are the chief aourcsl 
of the fiiperiorily of railroads, prevent the rehicles wliich I 
are adapted to run upon them, from being used on ordiiiiuy I 
roads, railroadft pass out of Uic practical scope of the I 
present treatise ; fur the details of their construction no I 
longer belong to llie cummuiiiiy at large, but demaud ilie 1 
liiifhest professional skill of the Civil Engineer. Thai 
general interest, however, in the subject of railroad)iJ 
seems to demand some explanation of the leading prin<^ I 
pies which should govern those engaged in their establist^ I 
mcnt, and some account of the ingenious conlriTances I 
which have been adopted to overcome the difficulties, 1 
wliich have, one after another, risen up in vain efforla lo 1 
slop the progress of the giunl. A brief popular view of \ 
these topics (without the minute practical details with i 
which the subject of roads in general has been treated)'! 
will accordingly be given in llie present chapter.* 

Wooden railways were employed as a substitute foe 3 
common roads, in the collieries of England, soon after the I 
year !600.t The earliest record of their existence is in J 
liie life of the Lord Keeper North, wherein il appears that J 
about the year 1670, they were used al Newcastle-on- 1 
Tyne, for transporting coal from' the mines to the river, ,] 
and enabled one horse lo draw four or five chaldrons. I 



• The principal nulhorilies cooBulled hftVB bt-eii LecBUnt, " Tr 
oil BiiilKayB," from Ibe Bfvsiilh edition of Uie Encyclopediii BriUn 
fli(cAf«,"OiiRiillw>y>i" Profeiisof Vignolei' Ltclu™ ; and the xi 
cud diKCunkiiiB in U.e "Civil Eaipnetr and Architect's Jour 
" Jaiiniol of Ills Fraiikliti Iiistilule ;" " Ameiican Railroad Journal, 

t Rilohia on Railwayi, p. ill. 
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Subsequently llicac wm 
of iron; bin llie introdu 
not lo have lakc^n pk 
flange, on llic outer side 



den Tiiils were covered witli [ilales 
zuai\ of rails wlioJIy of iron seems 
;e nil 1 767.* A projection, or 
of [!ie Tiiila, kepi tlic wheels of 
:allcd " 
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carriages upon them. They were then called " Trarn- 
roadif." Tlie objections lo ihem were the broad surface 
ofllie plate, which collecled obslriicliuns upon it, and tlie 
gieat friction of the wheels against ihe side-Hange. 

In I7S9, waa constructed the first public railway in 
England, at J ^ough borough, by Mr. William Jessop, and 
he introduced cast iron edge-rails, and wheels with the 
flanges cast upon lliein instead uf on the rail. " Tram- 
roads" were, however, still in use in 1808. t 

In 1803, malleable iron rails were first tried, but noi 
approved cf. In 1808, they were introduced into some 
coal works in Cumberland, and used with complete auc- 
cess.J Since that time they have become almost uiiiver- 
eal, and have been formed into a great variety of lihapeB, 
the heal of which will be noticed in the section on " Con- 
struction." The progress from the use of horse power to 
locomotives of the present power and speed, v.ill be in- 
cluded in the examination of " Moiive powers." 

In our condensed sketch of the extensive sniiject of 
Railroads, divisions anil subdivisions, analogous to those 
of the previously examined topic of roads in general, will 
be employed, and thus the coincidences, and the differ- 
ences, of the principles appropriate lo each, will be made 
more prominent and striking. 

The following is an outline of the proposed arrange 
ment : 



R*tL-ROADtl 

I. What Railroads ouoi 

1. A3 TO TKEa DIBECTIOH. 

S. AS TO TOGm CRADBS. 

X AS TO TgniH OBOSS-SBDTlOJt. 

II. Their Location. 



SE. 



III. Thi 



1 Cost 



1. FORUINa TBBIR ROAD-BER 
X THCIB SITPEBSTROOTimB. 
Their Motive powebh. 



X STATION AB7 
3. LOOOMOTITES. 



I. What Railroads ought to be. 
To determine " What Railroads ought to be," it is first 
necessary to ascertain what are the Resistances (o molion 
upon them which we must seek to overcome or diminish. 
The nature and amount of these resistances upon a 
straight and level road will be first examined, and then 
their increase on curves,* and on ascenls.'f 

SESISTANCES on A STRAIGHT AVD LEVEL ROAD. 

The amount of these resistances has been usually lo- 
keti al 8 lbs. to a gross ton of 2240 lbs ; or 1 to 260 ; i. e. 
it was assumed that a weight of eight pounds suspended 
from a cord passing over a pulley, and allowed to descend 
by its own gravity, (as down a well) would draw, on a 
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airaight and level railroad, a car allaclied to the oilier 
end of llic cord, and weighing one ton ; or thai I pound 
would thus draw 280 Iba. But later experiinenU have 
shown that the resistance varies with ihe velocity; that 
it is 10 Iba. per ton at a speed of 12 miles per hour, and 
over 50 lbs. at 60 miles per hour. The most satisfactory 
analysts of it, is given by the following empirical formula, 
deduced by Mr. ScoU Russell (and communicated to the 
British association in 1846) from experiments on five dif- 
ferent railroads, mostly of the narrow gauge. 

The resistance has three principal elements ; Friction, 
Atmosphere, and Concussion. 

The first resistance is that of the Friction proper of the 
wheels and a:tles. It is constant at all velocities, and 
amounts, in the best-constructed carriages, to 6 lbs. per 
ton weight of train.* 

The second resistance is that of ihe Air. It is con- 
sidered to be proportional to the surface of the front of 
ihe train, and to the square of the velocity. It equals the 
weight of a column of air, whose base is the frontage of 
the train, and whose length is the height due lo the ve- 
locity. This weight, for each square foot of frontage, 
and for a velocity of one mile per hour, equals 0.0027 lb., 
ir iJb ^^- Fof 'he usual frontage of 80 square feel, it 
s therefore one-fifth of a pound at one mile per hour. 

The third, or residual resistance, is probably due lo 
the unavoidable Concussions, oscillations, flexures, im- 
bedding of wheels in rail, friction of air against sides, &c. 
It may be hereafter decomposed into various elements, 
but is now taken as proportional to the weight of the train 
and ihe velocity, and as being equal to ^ lb. for each ton 
of irain, at one mile per hour. 
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We are now prepared to fiml the resistance (in lbs.) at 
a straight ami level railroad to li>e inolion of a tram ot 
cars, whose weight (in ions), velocily (in milea per hour), 
and frontage (in square feel), are given, by the following 

RULE. 

1. Multiply the weight by 6, — for friclion. 

2. Multiply the weight by the velocity, and divide bj 



3. Square the velocily, and multiply ihis square by the 
fronL-.ge, and divide this product by 400, — for the at- 
mosphere. 

4. Add these three results, and ihe sum is the total 
resistance. Divide this by the weight, and the quotient ' 
is the resistance per ton. 

Example 1, A freight train of 100 tons is to be dnirn IS 
milen per huiir. Its frontnge is 80 square feet What » tbo 



lbs. 



Example 2. A passenger trmin of 50 tons is to 1m drami 3S i 
miles per hour. Ita frontage ia 80 square feeu Required iU 
reaislaiice. 

Friction = fiO ;< 6 = 300 Ihs. 
50 X 35 



Friction 


= 100 


X e 


= 


600 




_ 100 


X 13 

'3 


= 


400 


Atmosphere 


12 X 
ToEaJn 


13 X- 8C 


': 


29 

ioai 


RMistuiee 1 


reitoa = 


1039 
100 ~ 


:10j 


[lbs. 



Concuasion = 



35 X 35 X 



I 

I 
I 



e (by both lliaory and oxperiineni) of 55 lbs. ppr 
ton. Thia rapid increaae of reBisianru with velocity, is very 
Btriking, though it hss beeti ilispuied by some experimenieta. 

The above formula has been lealcd by Mr. ScoU Rus- 
sell, and Mr. Wyndliarn Harding, chiefly for passenger 
trains uf from 20 to 64 tons, and at speeds from 30 io 60 
miles per hour. At lower velocities, its results some- 
wlial exceed those of llie experiments. When ihe rail- 
road or carriages are in bad repair, or side-winds prevail, 
the resistances will bs greater than are here given. For 
head-winds, the velocity of llie wind should be added to 
that of the train. 

The following Table shows the Resistances to Trains 
of different weights, and at different velocities, as given 
both by actual experiments and by the above formula: 
the frontage being 60 square feet. 



Vvlocilf 


Wu^gbl 




^^^ 
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Weljbt 


u, Exp.r. 


KS^-i' 


K.r^u. 


H—. 


Il..^l«u 


■M <Hrl« 




1™ 


iU.^«-i^ 


lb » w. 


'l4 




1-2.6 


13.9 


'^34'' 


3.4 


as.o 


23.1 


16 


20i 


8.5 


13.2 


34 


18 


23.4 


27 


2 


If) 


40| 


8.5 


12.9 


35 


21^ 


2-2.5 


26 


1 


21 


18 


13. 6 


16.7 


39 


21 


30.0 







25 


40 


12.6 


16.6 


47 


31; 


33.7 


33 


1 


27 


40 


ia.6 


17.7 


50 


30 


32.9 


35 




3! 


15 


23.4 


25.4 


53 


25 


41.7 


42 


1 


3J 


14 


22.6 


27.3 


61 


211 


52. t; 


54 


8 



When the motive power is a Locomotive Engine, its 
own resistance must also be taken into account. The 
friction on its machinery, or working parts, may be taken 
at 7 lbs. per ton of its weiglil ; and its friction considered 
as a carriage at 8 lbs. per ton. To lids should be added. 
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according lo Pambour, 1 lb. for each ton of the loaj drawn 
by it. lis almoapheric reaiatance is already taken into 
account, since, if again calculiited and allribu:ed to ihs 
engine, it ahutiUI be deducted rruoi the train of cars, which 
the engine in front of them shields from it. 

The usual mode of recording llie resistance as to many 
lbs. " per ton,'' does not give a satisfactory standard of 
comparison ; one of ihe resistances (thai of the atmo- 
sphere) being independent of the weight of the train. An 
increase of this weight (which is the divisor of the whole) 
would therefore lessen the resistance per Ion, while it in- 
creased the total resistance. 

On the other hand, this atmospheric resistance no doubt 
varies somewhat with the length of the train, and the con- 
sequent increased friction of the air against the sides of 
tlie carriages. Dr. Lardner (in his report of 1841 to the 
British Association) considers " the resistance due lo the 
air to proceed from the effect due to the entire volume of 
the train, and not to depend in any sensible degree on the 
form of the foremost car." Sharp fronts did not diminish 
it, nor did an increased frontage (as formed by boards 
projecting on each side) much increase it. Bariow, in a 
paper read before the Royal Society in 1836, considers 
the resistance of the air to increase in a ratio, not as the 
square, but, not much higlier than the simple velocity. 

A new formula, which assumes this resistance lobe 
directly proportional to the bulk of llie train, and which 
also more minutely analyzes the resistances of the engine, 
lias been deduced by Mr. D. Gaoch, from experiments 
mide in 184S on a "broad gauge" road. His results 
have been much disputed. The following is an analysis 
of ihem ; — 
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Fot the Cars, ihe Friclional resislance is taken a' 6 lbs. n::r 
txi, Bs before. 

The AlmtHiplterie resistance is asaamed tts equal tothe oqiiani 
of the velocity, multiplied hf the bnlk of the train in cnbic feel, 
fuid thai product by i-gn' jrc Each ton weight of the train 1b 
supposed to correspond to 180 cubic feet. The atmoBpheric ro- 
slatance oblsincd by this formulit would equal that given by 
Russell, in the case of a load of 55J tons. For s greater load, 
this formula makes this re<tistance proportionally greater than 
RuasoU'a, and for a leas load proportionally less. 

The residual or oscillsiory resistance is taken at only -p', the 
product of the velocity by the weight, instead of |, as in the 
former formula. Mr. Gooch considers this " oscillatory" re- 
eistance to be mainly the increased friction of the axle bearing 
upon its collars, In consequence of the transverse vibrations at 
high velocities, while Mr. Russell mokea it include all the re- 
sistancea remaining, aRer " friction" and " atmosphere" are de- 
ducted from the total amount 
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Example 4. Let weight of train = 100 tons ; velocity ^ GO 
milea per hour; required the resistance to the motion of the 



Friction = 100 x 8 
60 X 100 



Oscillation : 

Atmosphere = 50 X 50 x 100 X 180 X ttAbj = 900 " 
Total resistance of cars = 1S33 lbs. 

For the Enoire and lender, the resislance is separated into 
two parts. That caused by the friction of axles and machinery, 
is (in pounds per ton of their weight) equal to 5, plus one half 
the velocity in miles per hour. That due to altnoaphere and load 
equals ygggvs °^ '''^ squBfe of the velocity multiplied by the 
weight of the train. These resistances would of course bo dtf 
(crcnt Ibr each difereot engine. 



6. + i X 50 — 30 Itft per ton of their weight 



The discrepancies in Uie results obtained by various 
experimenters anij theorizers, show the great rfefictencicB 
wliicli exis; in the data cf llie experiments and in the ap- 
plication of ihe ilieoretical principles involved. 

Assuming for ilie present Mr. Scott Russell's formula 
to be approximately correct, we are next to examine iha 
increased resistances which occur on curves, and on 
ASCENTS. This will be done under the heads of " What 
Railroads ought to be," as to iheir Direclioits, and as la 
their Grades. 
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lu. WEAT RAILROADS OCTGRT TO BE AS TO THEIR DTBEOTION, 

Straiffhtness of direction is much more important on 
railroads than on common roads, for two reasons ', the 
economy of straightness, and the resistances and dangers 
of curves. 

ECONOMV OF STRACGHTNESa. 

From the great cost of the superstructure of a railroad, 
and the continually increasing expense of keeping it In re- 
pair, it is highly desirable that it should be as straight, and 
consequently as short, as possible. 

As the earthwork of a railroad coats almost nothing for 
repairs, wiiile those of its perishable auperslrnclure aiu 
very great, and proportioned to its length, as is also the 
cost, in fuel, wages, and wear and tear of the engines, 
uf running the road, il will often be advantageous to 
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make large expendilures for the 

lessen t!ie length of ll; 






former ^icraent of c 
conseqne 



,.i. 



llie annuul expendilures for ihe lalter.* 

Suppose the tolal cost of a railroad to be $30,000 pei 
mile, tlie interest of wlijnh is $1S00; the annual repairs 
of the aupccslruciurc tlOOO per mile; and the expenses 
of engines also $1000 per mile. The lota! annual ex- 
pense will llien be $3800, which is the interest of $63,000, 
which sum might profitably be expended to shorten the 
roEtd one mile, or 1 12 lo shorten it one foot of length. If 
tliis single foot gained wa.s the only result of a day's labor 
cf a locating party, it would be a satisfactory equivalent 
for tlie expenses of such a day's work. 

On these grounds, a short route, which has the faults 
of steep grades and curves of small radius, may profitably 
receive an outlay of capital upon it, for the purpose of 
lessening these defects, equivalent to ihe cost of the dif- 
ference of distance between it and a longer line, which 
has better grades and curves. 

From these considerations it is also seen that a line 
ought not to diverge from the direct course between its 
extremities, and ihus increase its distance, for tlie sake of 
the trade of a sm;i]| town, for ivhuse benefit the lime find 
fare of all tlie passengers and freight on the whole line 
would thus be taxed. It would be preferable to make s 
branch track to the town. 



Curves are necessary evils on most routes, enabling 
them to pass around obstacles, such as projecting hills, 
deep hollows, houses too valuable to be removed, &c. 

• See Amer. Riillrond Jouruul, August, 1839, Tui tin nblo developiueal 
it lhi« position by W. B. Cuacj, C E. 
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Tlie greatest economy in curving is fonnd wlien the line 
IS located in a narrow and sinuous valley, with rocky 
banks, whose windings can be cheaply followed by Buiia 
bly adjusted cun'cs. When the line crosses a series of 
ridges transversely, and nearly at riglil angles to iheir 
general direction, there would be little economy in lateral 
deviation and curvature. 

The er j7s of curves are the resistances which ihey oSei 
lo ihc motion of cars, and the dangers to which ihey ex- 
pose them. 

The following are the four principal causes of the resis- 
lances on curves :* 

1. The obliquity of the direction of the moving power; 
i, e. ihe angle whicli the liiie of traction, drawn from the 
engine lo each car, makes with the tangent to the curve 
at the middle of each car, in the direction of which the 
cars lend to move. 

2. The pressure and consequent friction of the fianges 
of ibe wheels against the outer rail, due lo the cenlrift^pLl 
force. 

This is partially obviated by elevating the outer rail, as 
will be hereafter explained. 

3. The pressure and consequent friction of the fiangea, 
due to the parallelism of the axles ; for the directions of the 
tangents at the points of coi^tact of each pair of wheels 
are different, and therefore if one pair of wheels be per- 
pendicular to its corresponding tangent, the other pair 
will be obhque to its tangent. 

This resistance is panly remedied by allowing a " play" 
of an inch or less between the wheels and the rails. It 
diminishes as the axles are placed nearer to each other . 
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and IB therefore much lessened by supporting ihc care 
on two trucks, eacli resting on four wheels, the two axles 

of which are very near to each other. 

4. The fastening of cacli pair of wheels to the Hamo 
axle, with which tiiey turn.' The wheel on the oulet 
side of a curve musl revolve farther, and therefore faster, 
than the inner one, which must slide (if both are of the 
same diameter) by an amount equal to the difference 
between the lengths of the inner and outer rails of the 
curve. 

To lessen this resistance, the wheels are made conical, 
with their inner diameters greater than the outer, so that 
on curves, the outer wheels run on iheir greater diameter 
and the inner ones on the less. This cone may be so 
adjusted, that the wheel can run in a circle of 595 feet 
diameter without the flanges touchirig the rail. It was 
at first I in 7, but has of late been reduced to 5^ and -^, 

Without these arrangements, the resistance of a curve 
of even a mile In radius, at a speed of 25 miles per hour, 
would equal that of an ascending grade of 9^ feel per 
mile ; and one of 700 feel radius, a grade of 77 feel, Jtc, 

The actual resistance has been very imperfectly ascer 
tained. 

Grave ohjectiona have been urged by eminent engi- 
neers against " coning" the wheels. One is, that if the 
rail is canted so as to fit the coning, on the straight line 
portions of the road there will be a constant grinding 
action, owing to the dragging of the outer and smaller 
portiouB of the wheels. It is also stated that much of 
the concussions of the flange of the wheel against the 
rail is due to the coning, and that where cylindrical 



* If they turned on the »i1e, 
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surfaces have been used for the wheels (instead of the 
conicul ones, ae ia nsnal), the txains hitve run macH 
eteatlier. 

The actual resistance on curves has been very imper- 
fectly asccrlained. See note on page 454. 

The amount of mechanical power absorbed in passing 
around a curve is altogether independent of the radius of 
the curve, and depends only on the amount of ihe entire 
angular change in the direction of the hue. When ihe 
curve has been run by "Angles of deflection," ils length 
in chains, multiplied by its angle of deflection, equals the 
enlire angular change. Thus, a curve of 1°, 30 chains 
long, offers ihe same resistance as one of 3°, 10 chains 
long* Sharp curves are therefore not objectionable on 
the score of loss of power, though highly so from their 
wear and tear of engines and cars, displacement of rails, 
danger, &c. 

The danger of running off the track is much increased 
by curves, even of large radius, especially at high ve- 
locities. The momentum of the cars impels them onward 
in a straight line, and ihey are kept within the rails only 
by the flanges of tiie wheels and the firmness of ihe 
outer rail, the resistance of which gradually makes ihein 
folkow the curvature of the road. If the momentum 
should exceed the resisting force, the cars must obey iha 
former and leave the track. Curves at the foot of incli- 
nations are therefore especially objectionable, since ihe 
cars will come upon them with eicessive velocity. The 
rocking and twisting motion thus given to the cars indU 
s the dangerous tendency which they thus acquire. 
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CURVES. ^5 

Wlien sliarp curves arc unavoidable, lliey aliould, if 
poissible. be located near stopping-places. They should 
not be placed on a sleep slope, on account of the double 
resislance which would then be caused to trains ascend- 
ing, and the increased danger of running olT to trains rap 
idly descending. But if such location on a long slope be 
unavoidable, the grade should be flattened along ihe curve, 
and the difference applied to the straight portions. Curves 
should not be in deep cutting, where the impossibility of 
seeing far ahead might cause collisions, but on the parts 
in embankment, or on the surface. 

The increased velocities of the more recent railroads 
have greatly lessened the permissible smallness of the 
radii of curves. For the usual speeds employed on the 
English railways, it is recommended, that the minimum 
mdius should be one mi!e. On the Baltimore and Ohio 
railroad, however, one of the earliest in the United States, 
tiiere are several curves of 400 feet radius, {14i°)ano one 
of 318 feet, (18°) over which locomotives pass without 
difficulty at a speed of 15 miles per hour. 

Tiie minimum in France, allowed by " V Administra- 
tion des Fonts et Chaussees," is 3700 feet ; or about 2°. 

The minimum curve upon the Hudson River railroad 
has a radius of 2062 feel=-2a°. 

By Ihe Parliamentary " Standing Orders" of J846. a 
Railroad Company cannot diminish the radius of any 
curve to less than half a mile (t!640 feet) without the 
special permission orPailiamenl. 
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ft. WHAT HAILB0AD3 OUOHT TO BB AS TO THEIB OBAOBL 

Tbe question of ihc steepest grade admissible on a 
railroad is not one of pmclicabiliiy, as is often supposed, 
but only one of comparalive economy. Locomotive en- 
gines can be made to ascend grades of almost unlimited 
steepness, by a proportionate increase of llieir power and 
adhesion, but llieir ascent becomes less and less useful in 
)jroporlion as the grades become more and more steep. 
On an ascent of 19 feel to the mile, an engine can draw 
only about one-half its load on a level ; at 36 feet to the 
mile, only one-tliird, and so on, (adopting the usual, 
though insufficient, ratio of d lbs. [o tlie ton, or I to 280, 
as the resistance on a level) since, on this supposition, 
if the railroad rises 1 foot in 280, an additional force of 
8 lbs. will be required to draw one Ion up this ascent, 
{see page 32) and therefore double the fonner force will be 
needed to draw the former load. Only half the load, 
therefore, could be drawn by the same force ; or that 
amount of power wltich could draw a load a mile on a 
leTcl, would be exhausted in drawing it half a mile up 
this ascent.* 

* The precis* rallo between tbe total lewetance od a level raad, and 
that on auy Hceut, and therefors betweeu the coraparalive Jooda whieli 
dui \» carried en eacfi, nay be roaod by tbe praporlion wbich will now 
be inTBBti gated. 

The hwds au a level, and eo an aaceol, are in the iovraae ralja of tin 

The load on tbe level is la tiie load np the wceul, aa tbe total resiit- 

ThB nHietBDce oa the ascent is compounded of that of frictUm, &c. oa 
the level, and that of gravity, which is such a part of the vhole iuad, ai 
Ifae height of the Hceut « of its leugtb. aa abown ou page 32. 
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Adopting the more correct ratio of 10} lbs. per Ion, ot 
1 10 218, as ihc resistance at the jaual Trcighl speed of 
12 miles per hour, (see page 266) il would require an 
ascent of 24 feel per mile to double it, 48 feet to triple il, 
and 80 on. When ilie resistance is increased to 20 lbs. per 
ton, or 1 to 1 tS, (as in the case at high velocities) an as- 
cent of 47 feet per mile is required to double il ; and a 
reRistance of 30 lbs. per ton corresponds to an ascent of 
70 feet. 

These resulls show that heaTy grades are proportion- 
ally less injurious on a road where great speed is em- 
ployed, with correspondingly great resistances, though the 
absolute loss of power caused by ihem remains the same. 
The late discovery, that the resistances at even slow rates 
of travel are greater than had been supposed, lessens 
greatly the objections lo heavy grades, and shows thetn 
lo be relatively much less injurious than had been imag- 
ined, seeing that so much greater an ascent is required lo 
double the resistance. Besides, a small diminution in the 

Lei then /= ReBatiuce (in lbs. per Ion] on a IctbI. 

h - A^„ i. f... |», n,n. i „d jig _ I.c]«.,i.o. 

-;— Ji ** 3340~- -^ RcBlBlance per ton of Gravity. 

/+—^= Total reaifilauc! dd the inclination. 

Tbs Bbovo proportion [ben becomeB, 

Load on level ; Loud op ascent ; ; / -(- ^s~ ■ /■ When™, 

/ Load on level 
Load up ascent = Load en level x ' — 7 - = r-ji 

When the motive power ia a Iiocomalive Engine, u ia nsiial, ita weight 
mnat be iaclodnd in Iha •■ Load on level," used in the calcututlon, and 
finally aubtrarted from the rt'snlting " Load up ascent." 

JExampU.—ljet Iha weight of Ilia oars drawn on a level, at IS milM 
peihonr, be 447 tons ; tho onjine 33, and the tender 14 lona ; requiied 
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Telocity of the tr^iii would compensate for the increased 
resietancc of quite a steep grade. 

Tlie cosl of draiiglu on a railroad is nearly as llie power 
employed, so thai ii will cost nearly twice as much tu 
carry a load on a railroad wilh an ascending 'grade of 24 
feet to the mile, as to carry it on a level route. This 
consideration will therefore justify large expenditures 
upon the excavations, embankments, dec, of a railroad, 
with a view of reducing its grades. The propriety of 
such expenditures is to he deiermincd hy comparing the 
annual interest of the amount with the annual saving of 
power ever after, in drawing the expected loads over the 
flattened road. 

But, on the other hand, this principle may be carried to 
excess. These great expenses for graduation should ba 
incurred only when maximum loads are lo be constantly 
carried at high speeds, as on important leading lines of 
great traffic. Much sleeper grades, than would be other- 
wise allowable, may be adopted on roads on which maxi- 
muuj loads are not often carried, and on which the trains are 
required fur public convenience to go often, and will 
therefore generally go light. The engine may be able lo 
draw 400 tons on a level, and may seldom have more 
llian 100 to draw. In such cases the true economy is. 



e load which the i 



il ot 10 feet p« 



litnf= )0i, md S = 10. By the above forn 
_ (447+30+14) ■_ 
1 + ^-""' 






0,41 



33 X ID) 

341.1— ;80 + 143 = 307,1 = The It»d up ths meet 
Foi the method at cilculUing ths tractive poirer a( loc 
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not lo go lo great expense in order to reduce ihe grades 
below such a Jegree of steepness »s would permit the 
engines lo draw np (heir usual small loads ; nor to allempt 
to make a very level road, on whicli the engines could do 
a great deal, but would have very little to do. The 
same reasoning applies to railroads between places fur 
nisliing but a moderate amount of travel, such as the 
thinly settled parts of this country. Should the travel 
Bubaequenlly greatly increase, in an unanticipated degree, 
more frequent light trains could be sent. The enormous 
expenditures sometimes made in such situations to make 
a perfect road, have been loo great for the scanty travel 
to pay interest upon, and have discouraged the proper 
construction of such as would have been really profitable. 

A great reduction of the first cost of a railroad may often 
be made, without much increasing its subsequent ex- 
penses ; inasmuch as the capital expended in the gradua- 
tion of a road has averaged, in England, fifteen limes the 
cost of the locomotive power , and as the daily cost of 
transit, due to this last,is also very small. Locomotive pow- 
er forms only about one-third of the whole worliing expen- 
ses of a road ; and only a part of this, say one-half, is likely 
to be affected by the grades ; so that there is only one- 
sixth of the whole working expenses, which can be saved 
by making a road theoretically perfect in grades ; a small 
consideraiion for the interest of the extra capital, unless 
the traffic Is likely to be continued, regular, and very 
heavy. 

In brief, first determine precisely what is wanted. If 
the best possible road would be justified by the import- 
ance of the traffic, make it as perfect (i. e. as straight, 
level, and unyielding) as possible, so that it can accom- 
plish the greatest amoun of labor in the least time and 
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with ihe smallest expendilure of power. If a cheap 
ihougii infcrror road will accommodaie the traffic expect 
ed, lei such a one be made. 

In comparing two roads between the same poinls, one 
of which is level and the other has a sumniil, reached by 
an ascending grade, succeeded by a descending one, ii 
musi not be overlooked that ihcre is a certain degree of 
compensating power in the deacenl. As lo liow much of 
ihe power lost in the ascent, is gained by the assistance 
of gravity in the descent, there is great difference of 
opinion. It was formerly supposed lliat on descents 
steeper than ihe angle of repose, 1 in 280, or 19 feet to 
the mile, ihe cars would be accelerated by the force of 
gravity, (which is just balanced by friction at that incli- 
nation) and that the brake would then need lo be ap- 
plied, so ihat beyond that limit no more assistance could 
be derived from gravity. But it has been found by recent 
experiments thai the resislance of the air to the motion of 
cars is far greater, and increases with the speed much 
faster, than had been imagined. This resistance, there- 
fore, opposes the accelerating tendency of gravity with a 
force increasing with the velociiy, so that trdina of cars 
may safely descend inclinations of 60 feet lo the mile. On 
planes of 63 feet to the mile, trains have commenced 
the descent at a speed of 40 miles per hour, but instead 
of this velocity being increased, it was reduced to 30 
mites per hour. Railroads may therefore be laid out 
with grades of nearly 60 feet to the mile, with little or no 
loss of power in the descent ; and there is little practical 
loss of power in the ascent, if the loads are such as do 
not task the engines to their full power on the level por 
lions of the road. In England it has been found that 
cheap lines with steep grades have not cost much mon 
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work them Uian some wliich had cost two lo three hun- 
dred thousand dollars per mile. We may therefore con- 
clude lliiit Navier's maxim, that " Tlie amount of power 
required lo effect l!ie transit of a line of railroad, depends 
entirely on the length of the line and the difference of 
level of its two extremities," is true, if none of ihe incli- 
nations upon it exceeds 60 feet to the mile, and if the 
engine is not obliged Id carry its maximum load on a 
level. 

This principle of compensation on descents was carried 
to such excess a few years ago, thai it was sanguinely 
recommended lo make all railroads undulating, carefully 
avoiding all levels, and establishing a continual succession 
of ascents and descents. It was argued that the momen- 
tum which the cars acquired in cescending one slope, 
would carry them up the next, just as a pendulum awings 
as far lo the one side as to the other; and that having 
received an impelling force at one end of the road, they 
would reach the other end, down one of lliese slopes and 
up the next in turn, by the assistance of gravity alone. 
Volumes have been written in aiiack and defence of 
this theory ; but ihe most fatal objection lo it, even sup- 
posing ihc undulations all properly arranged, is, thai the 
Telocity which a train must have acquired when it had 
reached the foot of one slope, to be sufficient to carry it 
up the next, would be too great for safety, and thai the 
irregularities of speed would be destructive lo the cars 
and to the road. 
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3, WKAT BAILR0AD3 OUQHT TO I 



The width of a railroitd is ihe first element of ils cross 
Heclion lo be coti side red, and il depends upon the width I 
belwecn the inner sides of ihe rails, which is called its 
" Gauge." 

THE BROAD AND NARROW OAVOE t^ITESTION. I 

The customary gauge k 4 feel SJ inches ; varyingfrom ' 
4 "8 lo 4-9, according lo the space deemed necessary for | 
the play of the ilanges of the wheels. This is called j 
the "narrow gauge." The "hroad gauge," first intro- ] 
duced by Mr. Brunei, on the Great Western Railway in i 
England, is 7 feet. Between these two gauges is slill 
going on the fiercest contest of the many which have 
arisen on the various doubtful points in the construction i 
of railroads. 

The original railroads were made of the same width as 
the iram-roads, on which ran common wagons. This i 
width happened to be 4 feet 8^ inches. The new rail- 
roads adopted the same width, for ihe convenience of 
using upon ihem the same cars, and thus this width be- 
came ahnost universal. Our American roads, using at 
first English engines, were necessarily formed with au 
identical gauge. Other gauges have also been employed. 
Four feet 10 inches is the New Jersey and Ohio gauge. 
Five feet is the gauge of Virginia, East Tennessee, and 
the north of Georgia, Five feet 6 inches is the gauge i 
in Maine, (Atlantic and St. Lawrence Eoad) in Can- 
ada, (by general law) and in Missouri, (by law of 1 
1835). Six feet la the gauge i f the Erie Railroad, and , 
of its connecting roads. 
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The irnck being wide.-, llie cars have a broader base ; 
BO llial if ihe frost, or any other cause, raises or lowers 
one side of ibe road i certain amuuiit, say one inch, il 
will cause an angular inclination of only 1 in 84 on iho 
wide track, but 1 in 56i on ihe narrow one. 

The breadth of base being greater, Uic centre of granly, 
with equal lowda, is tower ; so ihai lliere is teas danger of 
the cars running off ihe track. They have also less lat- 
eral motion and greater steadiness, and thus add much to 
the comfort of the traveller. This steadiness may also he 
increased by placing the wheels outside of the cars. 

The broader base permits the wheels of the cars lo be 
proportionally increased in size, and thus is obtained great- 
er leverage for overcoming the friction at the axles. 

Instead of letting the cars remain of the same width as 
now, in order lo increase the steadiness, iheir width may 
be increased lo correspond with that of the track, {making 
it 10 or 11 feet instead of the present 8 or 9) and then 
they will be as steady as at present, but be much more 
commodious for passengers, (giving space to sleep and 
eat) and more convenient for packing bulky freight, as 
hay, cotton, lumber, barrels, cattle on the hoof, &c. 

The preceding are the advantages belonging to the cars • 
those gained by the engines are still greater. 

The narrow track does not give width enough to make 
■ufSciently large, and lo arrange to the greatest advantage, 
Ihe various parts of the engine. Wiih their usual con- 
Btruclion, the higlwst profitable speed for maximum loads 
(at the average working pressuie of sleam) is about 10 
miles per hour. To carry the same load at twice the 
speed, it would be necessary to double the quantity of 
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Bteam generaleo by ihe bdilcr, and therefore lo doub'o 
ciiticr iu lengili or ila diameter. The Iciigili o( its Hucb 
cannol be advantageoiialy increaacd ; iljerefure ihe en- 
largcmeal must be lliat of ils breitdtli. To efTeci ihia, 
more space belwcun ilie wheels is needed, and to gel it, a 
wilier track is required. 

Even if it be not required lo carry great loads at high 
speeds, the surface of the boiler, being larger, may be 
less intensely Ijeated, and will therefore last longer. 

As larger driving wheels may be used on llie wide 
track, liieir adoption will enable greater speed to be at- 
tained wiiliuut increasing the rate of moiioti of the piston. 
The expansive force of steam may therefore be employed. 

The larger and more powerful engines will do more 
work, with no more men, than smaller ones. In them 
Uiere is therefore the same economy as in krge ships. 



More ground is required ; and the excavations and em 
baiikmenis are wider, and therefore more expensive. 

The asles must be heavier lo have the same strength a> 
before. 

There is an increased resistance on the curves, in cotti 
sequence of the increased sliding of the inner wheels, 
which is equal (as was seen on page 273) to the differ- 
ence belv.reen the lengths of the outer and inner rails, and 
therefore proportional to the difference of the respective 
radii of the curves. 

The larger engines of the broad gauge roads have more 
power than Is generally needed, and therefore pari of it is 
practically wasted. 

B'it on the whole, far a great road, the advantages uf 
the broad gauge would indisputably overpower the objcc 
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I pons ta it, if it were not for the evils of " The break of 
t^piuge." 
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This is Uie name given lo ihe interruption wl 'cli occurs 
whenever a road of broad gauge mecls one of narrow 
gauge, and wliicfe renders necessary llie change of pas- 
sengers, baggage, and freight, frum one set ol cars to an- 
other, and prevents the same cars being run ibrougli without 
transhipment, or " breaking bulk." Passengers thus suffer 
much delay, confusion, and discomfort ; and merchandise 
is exposed to damage and risk of loss, in being thus changed 
from one cur to another midway in its route, besides in- 
curring much unnecessary expense. The speedy convey 
■nee of troops is also an important consideration ; for 
railroads are one of the most powerful means of national 
defence, enabling an army to be concentrated rapidly at 
any point aiiacked ; but their value for tins purpose would 
be greatly lessened if it were necessary, at some '' break 
of gauge" on the route, to stop and lose the lime neces- 
sary for transferring the troops, with their artillery, stores, 
&c., from one set of cars to another. 

Most roads belong lo ihe narrow gauge class. In 
England the proportion is as 7 lo 1 ; ihere being in op- 
eration, in 1846, 1901 miles of the narrow gauge, and only 
274 of the broad. Every new road of broad gauge, con- 
necting with a narrow one, therefore increases the evils 
of the break of gauge. The importance of lessening 
them has given rise lo various contrivances for that pur- 
pose. The following are the four principal remedies pro- 
posed. 

1. Telescopic axles. The axles have been so arranged 
that one portion slides in tlie other, like the joints of a 
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lnlesco]ie, so ihal ibe distance between the wheels can be 
90 adjusted as lo suit either the broad or the narrow gauge. 
To lessen ilieir gauge, ilic caicfi wlijcli fastens thccn U 
loosened, and llie carriage is pushed along a pair of rails, 
llie space between which gradually narrows from 7 feel 
lo 4 feel &{ inches, and tinis the wheels of the carriage 
arc gradually forced nearer lo each oilier. To widen 
ihcir gauge ihe operation is reversed. Bui, besides ihe 
expense of the alteration, there is a resuliing unsteadiness, 
and consequent liabiliiy lo danger. 

2. Lnw trucks on the broad gauge roads may have rails 
laid on ibem 4 feet 8^ iJichcs apart, upon which ihe nar- 
row gauge cars may be run, and ihus be carried on ihe 
broad roads. But ihis contrivance raises the centre of 
gravity, making the whole lop-beiivy ; and adds so much 
e.Ura dead-weight to the load. Besides, it does not provide 
for conveying the broad gauge cars on the narrow roads. 

3. Shi/ting car-hodies for passengers have been pro- 
vided, which could be swung, by powerful cranes, from 
one set of wheels to another : and Moveable boxes, to re- 
ceive merchandise, have been made of such a size, that 
one should be carried on a narrow gauge track, and two 
on a broad one. 

4. Extra rails have been laid, so that the same road 
could be used for both classes' of" cars ; a pair of narrow 
gauge rails being laid within the broad ones, or only a 
single rail being laid, so as lo be 4 feel 8J inches from 
one of the broad gauge rails. But, besides the cspcnse 
of these arrangemenls, there would be increased dangei 
at the crossings. 

All these remedies are imperfect ; and ihc " break df 
gauge*' seems to be an evil fur which there is no cuie, e 
cepl in deslroying its cause. 
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The Royal Commission, appoinieii by [lie British Par 
liament, in 1845, to investigate this subjt-cl, made an elab- 
orate report in 1846, and sum up as follows : 

" 1. As regards llie safety, accommodation, and conve 
nhnce of ihe passengers, no decided preference is due lo 
either gauge ; but on llie broad gauge the motion is gen 
erally more easy al high velocities. 

" 8. In respect of speed, we consider the advantages 
are with ihe broad gauge ; but we think the public safely 
would be endangered in ejnploying the greater capabili- 
ties of the broad gauge much beyond their present use, 
except on roads more consolidated, and more substan- 
tially and perfectly formed, than those of the existing 
lines. 

" 3. In the commercial case of the transport of goods, 
we believe the narrow gange to possess liie greater con- 
Teniencc, and to be the more suited to the general trafiBe 
of the country. 

" 4. The broad gauge involves the greater outlay ; and 
we have not been able to discover, either in ihe mainten- 
ance of way, in the coat of locomotive power, or in the 
other annual expenses, any adei^uaie redociion lo compen- 
sate for the additional first coat." 

They recommend "that the gauge of four feel eight 
inches and a half, be declared by the legislature lo be the 
gauge to be used in all public railways now under con- 
struction, or hereafter to be conslructcd, in Great Brilain," 
They add, that "greal commercial convenience would be 
obtained by reducing the gauge of ihe present broad 
gauge lines to the narrow gauge ;" and " think it desirablu 
that some equitable means should be found of producing 
Euch entire uniformity of gauge, or of adopling such other 



course as 



would admit of the 



carriages 



passing, wiUiout iiitcrruplion or danger, along the broad 
gauge lines." 

The final conclusion seems to be that, if all nilroadi 
were now to be constructed anew, a gauge of five and b 
half, or six feet, would be considered most desirable ; but 
tliat the evilii of a " break of gauge" are so great, in the 
present preponderance of narrow gauge roads, as to over- 
baiaiico the disadvantages of the narrow gauge ; which 
should therefore be adopted by all future railroads wliicli 
are lo connect with oihers. 



AVhen the gauge has been decided upon, the necessary 
width of the roadway can be determined. When the road 
has a double track, t!ie middle space between the two 
pairs of rails, for convenience and safety, should not be 
less than six feet. The side-spaces, outside of the rails, 
should, for safety, be a little more than the width of the 
track, particularly on embankments ; so that if the engine 
gets olf the track, it may still remain upon the bank. This 
width also gives greater stability to tiie embankment and 
to the rails laid upon it, diminishing their liability to be 
disturbed by slips. These side-spaces are from 5 to B 
feet on different railways. They should be greatest on 
roads where great velocity is adopted ; on high embank- 
ments ; and on the outside of curves. They will of 
course be less in tunnels, viaducts, bridges, &.c. 

The total width of the road-bed of a railroad, with nar- 
row gauge and double track, will therefore be 6 + 3 (4|) 
+ 2 X e = 27j feet. In excavations, the widths of the 
ilitciics on each side must he added. 

The tnlal width of a double track railroad is usu- 
ally about 28 feet in excavations and 24 feet in em- 
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bankmenta Single track railroads are about ten feet 
less, say 18 and 14 feet. These dimensions are used 
when great economy is required, and are increased 
for wet cuts and high banks. 

If it be proposed to lay only a single track at firsi, and 
Kubsequenlly to add a second one, the cuttings and fillings 
sfiouid always be made at first of the full width for a 
double track ; fo.- the extra expense of the additional width 
is but a small propcrtion of the whole, and a narrow cut 
or bank, is, from the want of room for the carts, &c. to 
pass, worked much more disadvantageously, and therefore 
much more eipensively, than a wide one. If an embank 
nienl be subsequently widened, the new portion will not 
adhere to t!ie side of the oM one without forming the lat- 
ter into steps ; aud in widening a rock excavation, a single 
blast might render the road impassable for many hours. 

The other subjects properly belonging to the " Cross- 
section," such as iho elevation of the outer rail on a curve, 
&C., will be more advantageously examined under ihe 
head of " Superstructure." 

(Treat •uicBHB, ud Uiolr 
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ttifiea and requires i' mnch grealei expenditure in 
Ihe surreys which seek the atiainmcnl of tiieae, and in 
the cica»alioii3, enibankmenls, and bridges by which they 
ore secured. The minor undulaliojis of the country are ' 
disregarded, for they can be readily overcome by tiie cut- 
tings and filhnga which will be demanded by any traffic 
which is important enough to need a railroad for ils ac- 
commodation ; and slraightness is the first object : where 
a common road should go around a hill, a railroad should 
cut through it. For this reason, the compass, or some 
other angular instrument, usually takes the lead in the 
localion, and is followed by the level. Upon the rough 
plot of the survey, curves are pencilled in, their centrea 
and radii are determined, and then they are laid out on the 
ground, being corrected, if necessary, by calculation or 
by trial, till they pass through the desired points. The 
important calculations for excavation and embankment are 
identical whh those of common roads ; but ihe estimate 
must include the new items ot siiperatruciure, of engines 
cars, &c., which are to be presently cxnmined. 

In examining the comparative merits of two rival 
routes, the relative impwrtance of distance and grade 
or shortness and steepness, must be determined by the 
considerations given on pages 276 — 281. To determine 
which is the least objectionable in amount of curvature, 
calculate the angular deflection of each curve, as indi- 
cated on p. 274. The sum of all of these on each hne 
will be its total deflection, and the proper standard for 
comparing it with others. 
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ni. THE CONSTRUCTIOy OF RAILROADS. 

The two principai divisions of liiis part of the subject 
are — " Forniifig the Road-bed," (which corresponds 1o the 
general " Con si ruction" of common roads); and ihe 
" Superstructure," which includes ihe Rails, and iheir 
BUpports, liss, &c. 

2. TOBisma the hoas-bisd. 



The Excavatiom on railroads are often of much greater 
depths than are ever necessary on common roads, the 
extra expense being amply repaid by the advaniages of 
the easier grades and atraighter hnea thereby attained. 
There is an excavation (in sand) on one English railway, 
no feel deep; and on another, 16,000,000 cubic yards 
of material were removed. The thorough drainage of 
these excavations by ditches, cross-drains, &c., is of the 
iighcsl importance. Their sides often need to be sup- 
ported by retaining walla, in order to make steeper slopes 
possible, and thus to lessen their top width, when ihcy 
pass through valuable ground. Sometimes these retaining 
walla are supporled by iron beams, or flat arches, extend- 
ing across ihe railway at a sufficient height lo clear the 
etigines, lu one remarkable cutting, 60 feet deep, the 
upper portion of it was rock, bnl the lower looser matter. 
If the whole cutting had been extended upwards, with 
such side slopes as the looser and lower portion required, 
it would have been more than 200 feet wide at its top, 
and would have involved very great expense in the re- 
moval of so large an amount of rock. The sides of the 
cutting were therefore made nearly perpendicular, and the 
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loose strata at the bottom were snpported by retainiop 
wulls, curried up till they reached the solid rock. Such 
ttre some of tlie iu^eaious exyiedients rendered necessary 

by the gigantic conatructious of modem railroads. 

The side slopes will depend upon the material through 
which the lulting is made. For common earth they are 
usually 1^ to 1, allhongh in deep cuts they should bo 3 
to I. It is sometimes economical to make the slopes at 
first as steep as they will stand, and remove the surplus 
earth after the track is laid. Clay elopes are very trou- 
blesome. Some that have stood at first at 3 t« 1, baTQ 
finally slipped until they were 6 to 1. Slope walls have 
been used in such soil, as being more economical than 
taking out the requisite amount of earth to secure stabil- 
ity to the banks. It has been observed that the mass of 
earth which slides out of a clay slope leaves the bank 
with a concave face. It will then be better to make the 
original excavation, bo as to leave the slopes with this 
curved batir. ^ 

In making long, deep cuts, the bottom should be left ■ 
80 as to slope up from both ends toward the centre, to 
secure drainage while the work of excavating is going 
on. The bottom can be taken out, down to the desired 
grade of the finished work, after the main portion of the 
earth has been removed. When the cut is very deep, the 
work can be pushed forward more rapidly by working la 
tiers or stories, keeping the upper cue in advance of the 
lower one. 

Ditches should always be dug on the surface, a few 
feet hack from the edge of the cutting, to prevent the 
surface water from running down the side slopes. 



The depth of an excavation frequently renders a Tunnel 
more economical. In conslmcling one, (he centre line of 
Uie road miiat be set out with very great accuracy upon 
the surface of the ground, (hy a Transit inslrumcni) and 
"shafls" sunk at proper intervals along lliia line. The 
excavations are made by "headings," or "drifts," from 
shaft to shaft, and to t!ie open ends of ttie tunnel. The 
material excavated is raided tlirough these shafts, which, 
after ihe completion of the lunnel, serve as ventilators. 
Their distances apart should be from 500 lo 1000 feet. 
If the material be earth, or stratified rock, the crown of 
the lunnel, and its sides, must be supporled by a brick 
arch, and ihc excavation kept only a, few feet in advance 
of the completed arch. 

The height of lunnels, in the clear, varies on the Eng 
lish railways from 17 to 30 feet, and ihe width, for a 
double track, from 23 to 30 feet The average sectional 
area in the clear, is 450 square feet: when an arch is 
required, the excavation would contain about 700 square 
feet. The cost per lineal foot of the English railway 
tunnels, has ranged from $30 to $150. If sufficient time 
had been allowed, they could generally have been executed 
for 860 per lineal foot. A number in England are over a 
mite in length, and one is more than a mile and three 
quarters. 

The greatest work of the kind is under the Alps, at 
Mount Cenis, connecting Modane, in France, with Bar- 
donneche, in Italy, and is seven miles and one thousand 
and forty-four yards in length. No shafts could be used, 
as the mountain rose rapidly from both sides, and there 
were no depi-essions. The tunnel is one mile below the 
summit of the mountain. 

The expense of construction was borne by the French 
and Italian govemmenta, each paying in proportion to 
the Ien£;th of tunnel lyine: in their territory. 
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The emhankmenls of railroads demand ihc use of every 
possible precaution to ensure liieir solidity ; not only od 
account of their size, but because the vibrations imparled 
to ihcm by llie passing trains, greatly increase their ten- 
dency to slip. The expense and lime required lo form 
ibcm in layers, as recommended on page 1(56, often forbid 
the adaption of that method. They are usually con- 
structeu by raising them to iheir full height at one end, 
and so carrying them onward. Temporary rails are laid 
along liie bank, and extended wilh it, and on them wagons, 
coniaining each about 3 cubic yards, are drawn by horses, 
or by locomotive engines, if the distance, or " lead," be' 
great. 

It lias been ascertained ihat, contrary to the usual the- 
ory and practice, the (jnanltly of work which can be done 
on an embankment so made, and, consequently, the time 
which will be required for its completion, does not de- 
pend on the area of the face of the cutting which auppliea 
it, or on the number ol wagons whicli can be filled in it, 
together ; but on their rale of speed, and on the number 
of them which can be emptied in a given time over the 
bead of the embatikmenl, to the lop width of which this 
element is proportional. The number of wagons drawn 
together in a " set," should increase or decrease with the 
length of the " lead," and the breadth of the end of the 
bank ; and the number of " sets" should be increased at 
certain exact periods in ihe progress of the work, which 
are susceptible of mathematical determination.* 

■ Tlitfio pninls lire very ckurly and Tully Dxaroined in " Li.m at Bi> 
caralkn and Embimkiaoat on Railwnya," JjODdaa, 1840. 
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When the road crosses a swamp, the banks may be 
formed as esplained on pp. 168, 9. A railroad is carried 
across the ftlontezunia svump, N. Y., hj spreading the 
pressure over a large surface, by means of a wooden plat- 
form. On another railroiid a spreuding h&se was Becored, 
to carry a bank across a swamp, by placing trees and 
brush under the bank, at right angles to the line of the 
rood, and extending for some distance beyond the foot 
of the side slojiee. Water should never be allowed to 
stand within three feet of the top of the bank. 

When a railroad passes ihrougli i wooded «wauip. 
nlicrc no materials for embankment are at hand a che^ 
and efficient aubaiiiuie will be formed by a series of lim- 
ber trusses. Piles of 15 inches diameter, not sharpened, 
are driven so as to form iwo lines, at a distance from each 
ullier equal lo [he width of the railroad. Transverse tied 
are fastened across their lops, which are braced hy in- 
clined stmts, tlie tower ends of wbicli abut against short 
piles. Loiigiludiiial limbers are laid on die heads of tlie 
piles lo carry the rails. Various combinations of the 
trusses arc employed, according lo the height of the sii- 
perstructure above the surface of the ground. After the 
railroad has been ihus constructed, it may be graciuatly 
banked tip lo the level of t!je rails, by laking advantage 
of its facilities of trans porta I ion, lo bring carlh from a 
distance to the places wiierc it is needed. 

The side-slopes of both ihe excavations and the en - 
bankmcnts should be sown with grass seed, or sodded, as 

I directed in the construction of roads. Some deep cut- 
tings on the English railways, have been planted with 
ilowers, shrubs, and trees; an improvement as delightful 
to the passenger and therefore profitable to the proprietortt 
of the road, as it is benciicial lo the permanence of the 
slopeg. 
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BALLA&TtXG. 

The topa of the embankments, and the bottoms of the 
excftvations, are broDght to a height called the " Forma- 
tion le¥el," abonb two feet below tbe intended levd of the 
rails, and there shaped with a fall from tbe middle to each 
Bide, as Jn eommon roads, in order to drain off the water 
which falls upon them. Tbe remaining Epaee of two 
feet {more or less, according to circnm stances) la filled np 
with " ballast." 

Thore are fonr objects in using ballast : 

1. To Bpread the bearing of the sleepers oyer a large 
Bnrface of the ground. 

2, To keep the track in place. 

3. To secure drainage. 

4, To giTe a meditim elasticity. 

It is composed of some porona material, snch as gr&Yc\, 
broken Btoncs, quarry rubbish, cinders, etc., through 
which the water of rains can readily pass. Burnt clay 
has been need iu alluvium countries. It should be laid 
on rock as well as earth, and should extend one or tvo 
feet beyond tbe ends of tbe ties in cuttings, and be of the 
foil width of the embankments. 

"Upon this "ballast" are laid the snpporta of the railB. 
Withont this precaution, the water absorbed by the earthy 
materials of the road-bed wonld render it soft and spongy 
in ordinary weather, and by freezing in winter wonH dia- 
torb tbe position and the levels of tlie rails. Ou many 
American railroads the neglect of this safeguard against 
the eSects of our Northern winters renders them tc^ 
unsafe at high velocities in the early spring, when the 
frost is coming out of the ground. Ships' ballast waa 
first nsed for this purpose on the early railroad at New- 
castle, and from tliis circumstance the substitntea have 
retained the original name. 
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S. THE SUFBBSTBOOTUBB. 

Under this head will be considered the best forms and 
weights uf rails, whether supported at intervals (in chairs, 
on stone blocks or wooden cross- sleepers) or on conlinuous 
bearings for their whole length ; and their proper arrange 
tnent, inclination, elevation, &.C., when laid. 



When rails are supported only at intervals, on props, 
like a bridge on piers, they are liable to be depressed be- 
tween these supports by the heavy loads which pass over 
them. It is therefore very important to give them such a. 
shape aa will secure the grealeai strength with the least 
quantity of material. The form indicated by theory, and 
originally adopted in practice, is thai called " fishbellied," 
from the rounded profile of its under side. A rail of such 
Fig. 191. 



a form, will have more power to resist deflection than a 
straight one of the same weight, in the proportion of 1 1 
to 9.' But whiitever the theoretical advantages of this 
form, its inconvenience in practice, owing to iis requiring 
a higher support, which is therefore less sleudy, has caused 
it to be generally discarded. 

The forma now used are all varieties of the parallel ot 
Straight rail, in which the top and bottom arc parallel, 
and which has the same cross-section at all parts of 



' LccounI, p. 110. Barlon doubts Ihia. 
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its Icngih. L'aunlly the rail is thinner through its mid- 
dle limn at it)> top and base. The various forms are named 
ihe T rail, the H rail, the hour-glaas rail. &c. from the 
shape of tlieir cross-section. The jiopiilar division of 
rails is into the " Plate rail," and the " Edge rail ;" the 
laller including all the varieties just meniionetl. 

The best form of the parallel rail was in- Fig. 121 
veatigated by Professor Barlow, in behalf of I 
tlie London and Birmingham Railway Cor 
pany, and Fig. 122 shows the section of the 
rail which be found to possess the greatest 
strength wilh the least material, the bottom web 
being much smaller than the head. 

But a double headed, or H rail, as shown Fig. I33 
in Fig. 123, wilh its lop and base of the same 
size and shape, is now generally preferred in 
England. Professor Barlow considers this 
diape to be inferior in strength and conve- 
nience in filling. Its broader bearing to be of 
no advantage, and the proposed plan of turn- 
ing it over, when the upper table is worn down, to be im 
practicable; but still it is found preferable in practice, aa 
enabling the best side to be selected, as being more easily 
keyed in ita chair, and as having a broader bearing. 



The favorite form in this country 
is shown in Fig. 134. The follow- 
ing dimensions are recommended: 
height, 4 in,, width of bottom, 4 
in., width of head, 2| in., thick- 
ness of vertical web, j\ in. 



. Fig. 139. 
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Fig. 133 
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Hg. 184 
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FORM ANn WEIGHT OF RAILS. *-2Uf) 

The form of tlie rail being decided upon, its tcetgft(, on 
nliicli ila strenglh depends, is nexl to be deicnnined. 
Tlie weight is expressed by llie number of pounds in a 
lineul yard. [is minimum, may be determined thus. A 
certain breadth is necessary for the bearing surface of the 
rail, that the wheel may run upon it without being 
grooved. 2J inches seems the minimum for this. The 
minimum breadth is desired, in order that aa much as 
possible of i,.e inaierial may be put in the dcplli, the 
strength being as Lhe simple breadth, but as ihe square 
nf the depth. The minimum depth, to resist abrasion 
and exfoliation, is 1^ inches. This gives a sectional area 
of 2 J X 1 { inches = 3.75, or, say 4 inches, which corre 
sponds to 36 lbs. to the yard. This is ihen ihc minimum 
weight permissible, when llic rail is supported throughout 
iu whole length; but if supported al intervals it must 
have much greater weight and strength, their degree de- 
pending on lhe distance between its points of support. 

This distance has varied from 3 to 6 feet. It is now 
generally made less than 3 feet. For Professor Barlow's 
form of rail, Fig. 122, with a strength of 7 tons, the 
weight should be 51 lbs. per yard, for a bearing of 3 feet. 
To attain the same strength with a bearing of 6 feet, the 
weight should be 79 lbs. per yard. But the deflection of 
Ihe rail with 3 tons, which in the former case is only .024 
inch, in tlie latter is .082 inch. Thus the longer bearings, 
when equally strong with the shorter, are much lesK stiff, 
and therefore much inferior to them. The effect of any 
depression under a passing load is that the engine, at 
slow speeds, after sinking into it, has an inclined plane to 
ascend, and at high speeds ii leaps over the hollow, and 
strikes with great violence upon the otiier side of it. A 
rail having been bent half an inch, and then covered witli 
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paint, an engine with a Uain of cara was mn over it, and 
Rone of ihe wheels touched the paint for a space of W 
inchei." Strength to resist dcfiection ia iliercfore as inti- 
porlaiit to a rail as its strength to bear weights. The 
latter should be double the mean strain or load. The 
former sliould not admit of a depression under a passing 
load of more than y Jj of an inch. 

Tlie weight of rails lias been yearly increasing. Tlie 
first rails laid on the Liverpool and Manchester railway 
were only 35 lbs. to the yard ; they have been sticces- 
sively replaced by rails weighing 50, 65, and 75 lbs. to 
the yard. The rail shown in Fig. 123 weighs 7d lbs. to 
the yard, with bearings 3 feet 9 inches apart. Its whole 
depth is 5 inches ; the top and base are 2, inches ; and 
the thicltness of the middle rib is about ^ of an inch. On 
the Massacbusetta railroads the rails weigh from 66 to 60 
lbs. pur yard, and rest on croEs-sleepers, 3 feet 6 inchoa 
apart ; the weight on a di-iving wheel being from 5,000 to 
8,000 lbs. English rails weigh from 50 to 80 pounds per 
yard, and German rails from 50 to 70 pounds. Steel rails 
can be made moch lighter than iron ones, and yet have 
the same Htrength. The steel rails on the Hudson Rirer 
Hailroad weigh from 56 to 60 pounds to the yard. 

The rails are usually rolled in lengths of from 12 to 20 
feel. Their ends have received varioiis shapes. Square 
or butt ends, Fig. 125, are generally Fig- 125- 

preferred, but cause considerable 
ehock to the wheel. The half-lap 
joints, Figa. 126 and 127, retain 
iheir positions better, but weaken the 
toil. The form shown in Fig. 128 ia 
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Fig. 126. 
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Fig. 137. 
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Fig. 128. 















recommcndcJ when trnins nin 
on each track in only one d'- 
reclJon, (as indicated by the ar- 
row) so that they never meet 
the poinlB of tlie rails • \ 

Between the ends of two successive lengths of rails, a 
space must be left lo allow for iheir expansion by heat. 
The expansion of a fifteen feet rail may be taken at ^ij 
of an inch for each degree of Fahrenheit, or J inch for 
100°. If the rails were laid in the coldest weather, a 
space of one-eighth of an incli should therefore be left 
between their ends. The force with which iron espands 
is from 6 to 9 tons per square inch of section, which cor- 
responds to 10 lbs. lo the yard ; so that the rail of 70 
lbs. expands with a force of about fifty tons. 



CHAIRS. 

The rails may be fastened directly lo their supports, 
or have their ends also held by " chairs," spiked to the 
blocks or cross-sleepers. The chairs are generally of 
cast iron, and weigh from 20 to 30 lbs. They are cast 
in one piece, consisting of a bottom plale, and two side 
pieces, between which the rail passes, its under surface 
being about an inch above tlie block. The opening of the 
chair must be as wide as the lower part of the rail, in or- 
der that it may be removed and replaced without disturb- 
ing the chair. Keys of wood, or of iron, must therefore 
be empioyed to fill up this opening, and to hold the rail 
firmly in the chair, hut without offering any resistance lo 
its longitudinal motion in expansion and contraction. 
On the Liverpool and Manchester Railway the chair, 
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Fig, lac 



shown in Fig. 120, was employ- 
ed Tlie rail Ims on one side of 
ira bollom a projecting rib which 
enters a nolcli In the cliair, and 
adulher notch on Uie other siUc \ 
receives an iron pin. To prevent its gelling loose, thai 
end of the pin which enters fir^l may be split, and opened 




Fig. 130. 
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Another good form, shown in 
Fig. J 30, was invented by Mr. 
Robert Slephenson. In it the rail 
is coniined by two bolts 
gidar ends, which enter a smaU 
score in the rail, and are keyed ' 
home by iron keys with split ends. 

Fig. IBlrepresenisMr. Barlow's ^'S- '3' 

patent hollow iron key applied to 
fasten a double-headed parallel 
rail. 

Wooden keys, of similar shape, 
but solid, have been much used, owing to the great facili- 
ty which they offer of being tightened and replaced. They 
should be kiln-dried, cut, and compressed by hydraulic 
preasiir£, so tliat by their swelling, after being driven in, 
they may hold the rail very lightly. 

Tne chair uaed for the %■ "S- 

inverted T rail is shown 
in Pig. 133. It is 6^ 
ineiiea wide, SJ long, 'i^ 
high, and weighs 24- lbs. 

(lenerally the chairs are 

placi'd only at the ends of the rails, which are fastenedto | 
the intermediate Gupporta by spikes with bent heads. 
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The most perfect arrangement for joining the rails, 
and for keeping them at the same leyel and in line with 
each other, is " fish-plates." These are iron plates, bolted 
on euoli side or the rails at the joints. 

They should be at least iO inches long, fit closely be- 
tween tlie head and base of the rail, and be in contact 
with the vertical web throughout the entire length of the 
pltttea. 

They should be secnred by four | inch bolts. The 
holes in the plates and rails should be oblong, to allow 
for the expansion and contractiou caused by the changes 
of temperature. 

STONE BLOCKS. 

Stone blocks imbedded in ihe ballasting, have been (ill 
ialel; tl)e principal supporls employed on the English 
railways. Tliey are nsually blocks of graniie, or whin 
stone, two feet square and one fool deep. The custom- 
ary distances between ibeir centres have been noticed on 
page 271. Tbey are somelimes placed, as in Fig. l;^3, 
with their sides parallel to the line of the road ; and some- 
times diagonally, as in Fig. 134. 

F>g. 133. F>g. 134. 



Bolh plans have their advocates. The former position 
offers more resislance to motion in the line of the road.* 
The latter is less stable, hut is more convenient for pack- 
ing the ballast around. Circular blocks have been pro- 
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posed ill OTx]er lo get equal rcsisiance in al! directions, but 

ihe giiin would nol ejual ihe exlra espense, 

Tlie blocks must be very carefully set precisely IbtcI, 
since even a quarter inch difTerence in 3 feet, would 
create an inclined plane of 1 in 1 44, or 37 feel to the mile. 
On curves the blocks on each side of llie road must be 
connecled by iron lie-rods, that ihe exterior ones may not 
be pressed outward by ihe centrifugal force of the cars. 

btone blocks have been also laid transversely, with iho 
lidvaniage of preserving the gauge of the road, but with 
the evils of great rigidity, hardness, and jolting. 



WOODEN cnoSS-BI.EEPERB. 

Transverse or cross-ale epera of wood are now consid 
ered preferable lo atone blocks for many reasons. They 
lie the rails logellier and preserve their pardllelism, and 
also make the road less rigid and more elastic than the 
stone, and therefore much more smooth and pleasant to 
travellers. Thus the blacksmith puts his anvil on a block 
of wood to lessen the concussion. The on!y objection to 
them is their liability lo decay, against which, howevei, 
there arc many preservalivcs 

They are usually of chesnut, oak, pitch-pine, or red 
cedar, They may be round slicks, hewn on two sides, 
so as lo leave at least six inches thickness, and more if 
possible. The longer they are the better, as the extra 
lenglh on each side of the track lessens the danger of set- 
tling. On the Massachusetts roads ihey are of second 
growth chesnut, 7 feet long, and 8 inches by 12. They 
are simply laid on the ballasting, except on new embank- 
menis and soft ground in which cases ihey are laid on 
longitudinal limbers or sub-sills, vibicb may he of plank 
B inches wide and 3 or 4 thick. 



COHTIHCOUB SCPPOBTS. 



The " ties," or croaB-sIeepera, can be made to last tnnch 
longer by prpaerving them by chemical meaaa. Some of 
the methods ore given on p, 254. 
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"When rails are supported at intervals, the less the in- 
tervals and the nearer the supports, the leas will be the 
yielding and deflection of the rails. Carrying out this 
principle, and conliniialiy lessening the intervals, we at 
last arrive at continuous supports. The advantages of 
such solid bearings for^ile rails would seem to admit of 
no dispute. It is evident thai an iron bar, liiid on a series 
of poinis, will be-much more easily bent, either laterally 
or Tcrlically, by the heavy blows or jolts of a carriage, 
iban when the same bar is made to form a part of the 
solid roadway. The system of continuous supports of 
longitudinal timbers is therefore superior to any other in 
strength, solidity, and ease of motion. It has been of late 
increasing in popularity in England, in spite of the cost 
of timber in that country, while with us it has been aban- 
doned on our best roads for the system of supports at 
intervals. This has prohabiy arisen from the circum- 
Blance that most American roads with longitudinal timbers 
have been laid with plate rails, so thin that their ends 
Bometimes spring up so as to form " snake-heads," and 
have thus received the scarcely caricatured description of 
" A hoop tacked to a lath." Such roads have the defects 
of instability, insecurity, inequality of surface, waste of 
power, resistance to speed, and great expense of main- 
tenance. But these faults do not belong to the system it- 
self, but to its imperfect execution. Tlie rails should be 
heavy edge rails, of suitable furm, and in ;ontact with the 
tiiabers for their whole length; and the kngitudinal timbers 
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shouM be Ued logcllier by cross-slcrpera, Tlie best rail 
road in t!ic world, llie " Greal Weslerri," lias such con 
Linuous bearings. The wood may be preserved from 
decay by any of the methods noticed on page 234. 




In the above ligurc, A is the ground plan, B the side 
Tiew, and C iheeiid view, of such a system of railroad. 

For these longfiudinal Fig. 136. 

bearings, chairs are un- 
necessary, and peculiarly 
shaped rails are preferuble. 
A favorite form is that 
shown in Fig. 136, which 
has been made to weigh 
(1 35 to 60 lbs. per yard. 
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s fastened by screws, 4 inches long, the heads of wiiicli 
are countersunk ou the inner side, bo as to be out of the 
way o/ the flange of the wheel. At the joiola, four screws 
arc employed. 

tiorneiiriies the rails are fastened by spikes with bent 
heads, driven just outside of them, and cliispiijg them 
firmly. 

The greater diiBcuIty of packing the giavel around 
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Sitch Icngitudinal sleepers, and of retnoriiig ami repkciiij! 
tiiem, is liie chief cause of the general preference of cross- 
lies, or transverse sleepers. 

Triangular sleepers have 
been employed, with a rail 
forked aL bollom, as in ihe 
figure. The rail can thus 
be very firmly allaclied to 

the aleeper, Uie shape of ^. 

which gives it much sta- t^^ 

bilily. 

Evans' method of fastenii ded by 

Professor Vignoles, The sill, or 

groove, of a dove-tailed shape, (in ils cross- sect! on) nin- 
ning on their under side for their whole lengtii. The bolts 
have heads of corresponding shape, and are slipped into 
the end of the groove, passed along il, and dropped through 
holes made at proper intervals in the longitudinal timbers. 
The lower ends of the bolts are cut into screws, and 
washers and nuts draw the rails close down to the lim- 
bers. They are easily lightened, and not exposed to ir. 
jury, while spikes and screws get loose, and their heads 
are in ihe way. 

Upon the Great Western Railroad, between Bristol and 
Lontlon, (on which Mr. I. K. Brunei first introduced into 
England the system of longitudinal bearings) the hollow 
rail, shown in Fig. 138, was Fig. I3B. 

adopted. The original rails 
weighed only 44 lbs. to the 
yard, and were IJ inch high, 
ihc head of the inner screw 

countersunk. The laier ones weigh 70 lbs. to the 
yard, and are 2J inches high ; the increase of height be- 
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ing intended to compensate for nol counteismking the nut 
of the inner screw. The longitudinal limbers are 15 by 
9 inches, and t!ie cross-ties boiled to ihem at intervals of 
9 or 10 feel, are 5 by 8 inches. Willi sucli rails, and ihd 
broad gauge, this railroad combines speed and ease gf 
motion in llie highest degree yet attained. 

INCLINATION OF THE RAILS. 

Tie wheels having a conical shape, ihey would touch 
a lerel rail only on a narrow line, and boih would soon be 
worn into grooves. To prevent this, llie rails are some- 
times inclined inward, so as to meet the cone of the wheel 
more directly, and to present a broader bearing surface. 
The usual inclination is from 1 in 29 to 1 in 20. It may 
be given by sloping the blocks, or by cutting the sleepers 
which support the rails, or m;iy be formed in the original 
rolling of the rail. An objection to this breadth of con- 
tact is that a rubbing and grinding action is constantly 
caused by the unequal velocities with which the outer and 
inner parts of the coned wheels revolve, and produces the 
same effect as if the train was dragged a certain dis- 
tance with its wheels locked. 

ELEVATION OF OCTER RAIL. 

"When a railroad car enters upon a curve, the centrifu- 
gal force tends to force the flanges of its wheels against 
the outer rail. To resist this tendency, the outer rail is 
made higher than the inner one, so that an inclined plane 
may be formed benealh the cars, down which they will 
tend to slide in an inward direction, in oppos tion to their 
centrifugal impulse. The inclination should be such that 
the two antagonist forces may just balance each other. It 
will vary with the radius of the curve, the velocity upon 
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it, tlic gauge of the road, and ihe " cone" of ihe wheels 
Wiih tliese elements it may be readily calculated/ Some 
results (with the usual data) are given in Ihe fallowing 
table : 



I 
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ELEVATIO-. or THE OUTER RAIL. { 


Al ID nillei per hou> 


Al!IOn,lle>perbo<.r. 


Al30n>nnp«hnB.. 


Fmi. 


llChol. 


IncliM. 


Inchei. 


250 


1.14 


S.BO 


12.99 


600 


57 


a.S3 


656 


1000 


0.89 


1.43 


3,30 


SOOO 


0,15 


0.71 


1.65 


3000 


0.10 


0.47 


l.IO 


4000 


0.07 


0.3B 


0,83 


5000 


0.06 


0,28 


0.66 



I 

k 



An approxinnaie rule for finding the elevation is this ; 
" Multiply the square of the velocity, in feet per second, 
by ihe gauge of the railroad in inches; and divide the 
product by t!ie accelerating force of gravity, multiplied 
by the radius of curvature in feet, and the quotient will 
be the elevation in inches." 

For a velocity of 30 miles per hour on a curve of 1000 

feet, this rule gives ^— — ^^ =3.4 mches. 

Tli8 old practice made the greatest elevation 1 inch; 
which is that due to a velocity of 30 miles per hour on a 
curve of two thirds of a mile radius. When the cars go 
faster than the velocity assumed in ihe calculation, which 
has determined the elevation, their flanges piess the outer 
rail ; when slower, they press the inner one 

On railroads which have only a single track, a second 
one, called a sidmg, is occasionally laid for a short dia 

• S«t Pambour. pjk 377-990 ; Bud LBCDuat, pp. 135-140. 
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tancc, to form a passing-place for meeting traina. Cross' 
i'lgs are llie arrangements by which cara pass from vnt \ 
track lo the <iiher. The angle of iheir divergence should ' 
not exceed IJ" or 2° for speeds of 20 or 30 miies per 
hour, but when ihe speed, as in mines, is not more than 
B miles per hour, the angle may be as many degrees." 
They are always dangerous, and therefore ihe fewer of 
ihem ihat are employed the better. The misplacing of 
them, carelessly or malevolently, causes a large portion 
of the accidents on railways. Their simplest form ia that 
of two " points" or " switches," which are attached at one 
end to the main track, and are moveable at the other, so 
as to continue the principal line, or to connect it at plea»* 




ure with the aide-track. The switches are usually moved ' 
by hand, with either a lever or an eccentric. A signal I 
plate at the top of the lever, with which it moves, by its , 
position shows to the engine-driver, as he approaches, lo | 
which track it ia prepared to turn the train. Self-acting 
switches, kept in place by powerful apiral springs, and 
moved by the flanges of ihe engine wheels, have been 
tried ; but the system of manual operalion is preferred, 
with all its uncertainties, owing to the self-acting arrange 
ment rendering it impossible for the conductor to know 
whether the switches are in place or not until he is upon | 
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them, when any precaution which might be required 
would be loo laie.' 

Tvrn-tables, or Tiirn-plalcs, are platforms, turning on 
rollera upon an underground circular railroad, and foniiinG; 
a very convenient subslitutc for switches, in transferrint; 
carriages from one set of roils to another. 

A Hydraulic Traversing Frame has been used instead 
of Turn-tables, It consists of a wrought-iron frame, un- 
der each corner of which is a cast-iron hydraulic press, 
operated by force pumps. The frame is pushed under 
the carriage lo be moved, the pumps are worked, and 
raise the flanges clear of ihe rails. The carriage is then 
moved lo the desired spot and there let down.t 



In this arrangement a single rail is supported on posts 
at a suitable height above the ground, and passes through 
ihe middle of the cars, which hang from it on each side, 
like two saddle-bags on a horse. The advantages of thus 
lowering the centre of gravity are considerable ; the cars 
can never leave the track ; and the expenses of construe 
tion are much reduced. In some situations this system 
might be very conveniently employed. 

TLe engines devised by Mr. Fell KqnlrB thres rallt, Oio cpnlre nne biinit 
([ripped bj boriiiintal driving wheelf. This eyslem iiol only fc-ives grtal lii- 
crcue of tractive jmwer. but it much rafer, lbs cetiinil mil niHkinR it almn><t 
ImpoMible toe Uie engine to leave tba inck. It wu Deed ftac tbe niltDsd tmr 



IV. MOTIVE POWERS. 

The principal powers which have been employed to 
move carriages on railroaCs are Horses, Slalionary En- 
gines, Locomolivefi, and Atmospheric Pressure. 

1. H0E3E FOWER 

The power of a horse in moving heavy loads at a slow 
rale, ha? been given on page 67 ; the usual caoventional 
asaumplion being 150 lbs. moved at the rale of 2j miles 
per hour for 8 hours a day. At greater speeds liis power 
very rapidly diminishes, a large portion of it being ex- 
pended in moving liis own weight. The following table 
shows ihe results obtained by different authors ; those of 
Tredgold being for 6 hours daily labor, and those of Wood 
for 10 hours. 



TBLOCITV. 


FOBCf Of dra.oht; accord.no to ] 


Wile, per t„ur. 


Le.ll,. 


Trtdgold. 


Wmd 


3 


100 


im 


13S 


3 


Bl 


135 


83 




64 


S3 


63 


5 


49 


42 


BO 


G 


30 




i3 


7 


35 




36 


8 
9 


1 




31 


10 


4 




S5 


11 


1 




S3 


13 







81 



From the above table it appears that, according to Wood, 
at 4 miles per hour a horse can draw only half his load 
at 8 miles ; at 8 miles only a quarter ; and so on. 

At 10 miles per hour Tredgold considers the power of 
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a horse to be 37 lbs. moved 10 milei per Jay. At the 
same velocity Sir John Macneill estimates it at 60 lbs., 
moved 8 miles per day. 

The power of a horse is also very rapidly diminished 
upon an -iscenl. On a slope of 1 in 7 (8^°) lie can carry 
up only his own weight, without any load. 

It is consequently very desirable to find a motive power 
on railroads, so much of which would not be uselessly 
lost at tlie high speeds which their diminution of friction 
renders possible. Steam has been therefore employed, 
-through the medium of Stationary Engines, and of Loco- 



2. STATtONART EUTcniES. 

Stationary steam engines were once the rivals of loco- 
motives, as motive powers for railroads, and were recom- 
mended by two distinguished engineers, less than tweniy 
years ago, for adoption on the Liverpool and Manchester 
railway. It was proposed lo place fixed engines along the 
line, at slalians IJ miles apart. These engines were lo 
turn large drums, or cylinders, around which were wound 
ropes, 4 or 5 inches in diameter, stretched along the road 
between the rails, and supported on rollers. The wagons 
were to be hooked to the ropes, and would be drawn on- 
wards with them, as they were wound up on the revolving 
cylinders. An endless rope might also be employed, and 
two trains of cars be drawn at the same time in opposite 
Fig. 140. 



directions, as indicated by the arrows in the figure. When 
liie cars had passed over the mile and a half, and reached 



814 RAIL-ROADS. 

the end of Pne rope, liiey could be (?f[ached from it. and 
attached to the succeeding one, wilhoiil any stoppage. 

The system has some advantages for short lines over 
which the travel must pass at brief intervals, owing to the 
economy of working slntionary engines ; but it is utterly 
iinsii'led for generul use. Its radical defect is, that ibe 
disarrangement of Qtiy siiigle length of it, by any acci- 
dent, must stop the travel on the whole line. It is a chain, 
the failure of any link of which will render the whole use- 
less. It is therefore now seldom employed, except on 
inclined planes. 

A very convenient application of the system is, how 
ever, seen on the London and Blackwall railway, 3J miles 
long, with a fixed engine at each end. In this short dis- 
tance there are five intermediate stations ; but no deten- 
tion is caused by them, for a car is appropriated to each, 
in propet order — the last of the train being the one be 
longing to the first station, and so on. On reaching it, the 
sort of pincers by which the car is attached to the rope, is 
opened, and the car there stops, while the others of the 
train move on. 

A railroad worked by a stationary engine, would be the 
most convenient method of relieving the rush of travel 
through Broadway. The railroad track should be sup- 
ported on iron columns, out of the way of carriages, as in 
the figure. These columns might be placed on the edges 
of the sidewalks, where now are the lamp and awning 
posts, and by extending over the gutter they would have a 
base of 3 feel." 'i'heir lower extremities should be set 

• This BiraniremeDt of the columns web suggested by Charles Ellelt, 
Jun., C. E., in 13-14, for on " AlmOFphcric Rwlroad." In 1834, Mr. J.H. 
I^lten proposed to use a Becoadary btreel, Eud to coiiuect Ihe CDlutmif by 
nobea aorou the street, fanning a fiooring on which borsea ahould IraveL 
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in heavy masses of masonry. At top ihey should spread 
outward, a fool on each side, which would give sufficient 
width for the railroad track. The columns should be set 
at distances of 15 or 20 feel, and connected by fial arches. 
There would be no flooring over the street, and the rails 
would intercept no more light tiian do the boards which 
now connect the awning posts. No locomotives, or even 
horses, would pass over the road ; but an endless rope 
would continually nin over pulleys, and light cars would 
be under the most perfect control, and could be attached 
to it, or disengaged, at will, and slopped more easily tiian 
an ordinary omnibus. At the upper end of Broadway, a 
stationary engine, or the waler-power of the Croton, would 
easily and cheaply keep up the circulation, which would 
pass up one side of the street and down the other. At 
each corner might be a platform, to which there would be 
a short flight of steps from llie sidewalk, the ascent of 
whicii would be very easy ; or a certain number of corner 
houses might be used as depots, so that passengers might 
Step into the cars from their second-story wiudows. As 
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ihcsu cars would replace the omnibuscB, ihe entire atreel 
would be left for miscellaneous' travel. 

A railroad on tlic surface of the ground, with ils con- 
liniial stream of cars slopping up tlie cros s- streets CTery 
minule, would create a worse evil llian llial which it was 
intended to remedy ; and tlie endless rope could not be 
applied lo it. If a railroad were made through a sec- 
oiidiiry street, passengers would noi generally leave Broad- 
way to avail llicmsclves of it. A surface railroad being 
thus out of ihe question, two allernalivea remain. The 
underground one will find few advocates ; and ihe only 
feasible arrangement seems lo be ihe column and endless 
rope system. With ils cheap construction, econoRiical 
working, and thronged travel, it could scarcely fail to be 
the most profitable railroad ever built, and might be made 
to add largely to ihe city revenue. 



3. LOOOMOTIVi: ENQINES. 

When a steam engine is required to move from its 
place, and to travel with its load, as do horses of Hesh and 
blood, its usual weighty appendages of cold-water cistern, 
walking-beam, fly-wheel, &c., must be dispensed with. 
High-pressure steam must therefore be employed in order 
to enable the engine to combine the necessary compact- 
ness, lightness, and powei 
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The first locomotive engine was constructed in 1 802, 
by Richard Trevithick, wiio took out a patent in conjunc 
lion with Andrew Vivian.* Both were Cornwall engi 



• la 1759, howevor, Dr. Uableou, Ihcii 
□Uiginv, lUQfMled to Wk 'ha ■pplical i 
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neers. Thia engine was tried on common roads, bul in 
1804, Trevilliick. applied a second one to a tram-road in 
Soulh Wales, on which it drew ten toas of iron at the 
rate of 5 miles an hour. 

Many years elapsed before any considerable improve- 
menU were made, owing Jn a great degree to useless 
efforts to overcome a difficulty which never had any real 
existence. When steam is applied to propel a wheel 
carriage, each piston-rod, lo which the steam gives a back- 
ward and forward motion, is attached to a pin on one of 
t!ie wheels, called the driving-wheel, and turns it by a 
crank, as a man turns a grindstone. If there was no 
friction between the wheel and ihe road, the wheel would 
turn around, while the carriage would remain stationary 
Bul the friction, which does exist, prevents the wheel 
from slipping, and it is enabled lo turn only by propelling 
the carriage forward over a distance equal to the circum- 
ference of the wheel for each complete revolution of it. 
The imaginary difficulty referred lo, was ihe notion that 
the adhesion or " bite" between the wheel and ihe rail, 
was so slight that with a load, and particularly on an as- 
cent, ihe wheels would slip, slide, or " skid," either com- 
pletely or partially, and tlius fail lo propel the engine. 

Great ingenuity was espendcd in devising remedies for 
this non-existent evil. Wheels were at first made with 
knobs and claws to lake hold of the ground ; in 1811 a 
toothed rack was laid along ihe road, and a wheel with 
leeth was attached to the engine and filled into t!ie rack ; 



wheel carriages. Id 1789, Murdoch, lo whom TrevUhick was a piipil, 
milcIi-BinodelofaEleam-cDrriage; and in ITS'! Wall di^&cribed Buch an 
Bppliealioii in liiBpalenL In 1801, Oliver Evans in Fhiladaiphia moved a 
Bteua-dredeinc inachioe a mile and a hair on wlieek tamed by ila own 
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and in 1812 a chain w.is streichcd between ihe extreme 
enda of ihc road, and pn.'^spd around a grooved wheel fixed 
to the engine and turned by it. But ihc most singuUi 
and ingeniuus contrivance was patented in 1813 by Mr, 
Wjltiam Brunton. He attached to the back of his engine 
two legs, or propellers, wliich, being alternately moved by 
the engine, pushed it before them. The propellers imita- 
ted the k'gs of a man, or the fore legs of a horse, as shown 
in the figure. 

Fig. 142. 




The Ic^s are indicit<^d b\ HKl and Ukf. H repre- 
sents the Hip joint K and k ihe K. nee -joints, A and a the 
Ankle joints and F anJ/the Feet 

We will first examine the action of ihe front leg, Tha i 
knee K is attached to the end of the piston-rod, which 
the stedm drives backward and forward in the horizontal 
cylinder C When the piston is driven outward, il 
pre-ise the leg KF against the ground, and thus propels 
ihi engine forward as a man shoves a boat ahead by 
pres ing with a pole igain'^t the bottom uf a river. Aa 
tht. engine advances the teg str-ii^litens the point II ii 
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carried forward and the cilremitVi M, of ihe benl lever, 
HM, is raised. A cord, MS, being attached to S, llie 
sliiii of the leg, [he motion of the lever tigtitens the cord, 
and finally raises the fool from the ground and prepares it 
lo lake a fresh step when the reversed action of the piaion 
has loitered it again. 

The r.clion of the oilier leg is precisely similar, but 
motion is communicated to it from the fjist one. Just 
nbove the knee of the front leg, at N, is attached a rod, 
on whk'h is a loolhed rack, R. Working in it is a cog- 
whed, which enters also a second rack, r, below it, 
which is connected by a second rod, wiih a point, n, of the 
olhcT leg. When liie piston is driven out and pusiies the 
engine from the knee, the rack, R, is drawn backwards 
and turns the cog-wheel, which then draws the lower rack, 
r, forwards, and operates on the hind leg, precisely as 
the piston-rod docs on ihe front one, and ihus the two Jogs 
take alternate steps, and walk on with the engine. 

This locomotive, or " mechanical traveller," as it was 
termed by its inventor, moved on a railway at the rate 
of Sj miles per hour, with the tractive force of 4 
horses. 

All these contrivances were, however, rendered useless 
by the discovery in 1814, by actual experiment, that the 
adhesion, or friction, of the wheels was amply sufficient 
for propelling ihe engine, even with a heavy load attached 
to ii, nnd tip a considerable ascent. Even if the adhesion 
were less than it is, it could be increased lo an almost un- 
hmiied extent, by inducing a galvanic action between ihe 
engine and the rails.* 

The firsl really successful locomotive was constructed 
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by Mr George Stephenson in 1B14. By appl3nng the 

" steam blast," he doubled its power and enabled it to run 
6 miles 3er hour, and lo draw 30 Ions 

iSiiil no great progress was made in the application of 
steam lo locomotion, until, in 1629, tlie directors of thn 
Liverpool and Manchester railway resolved to employ 
locomotives in preference to stationary engines, and offered 
K premium for the best engine, not heavier than sis tons, 
which should be able to draw twenty tons at the rate of 
ten miles per hour, and should fulfil certain other condi- 
tions. Four engines appeared, but the " Rocket" engine, 
made by Mr. Robert Stephenson, won the prize, having 
run at an average speed of 15 miles per hour, and hav- 
ing perfornied one mile at the rate of 29J miles per 
hour. 

Since that lime the progress of improvement has b-scn 
onward, and one engine has travelled 75 miles per hour ; 
another," weigiiing 15| tons, has drawn 126S tons 
(in a train of 158 coal-cars, 2020 feet long) 84 miles in 8 
hour?, over a line of which 40 miles were level, and which 
had curves .if only 700 feet radius ; and a third,* weigh- 
ing only 8 tons, has drawn 309 tons on a level, and 16 
tons up an inclined plane which rose 369 feet to the mile. 
The Rocket, however, contained the germs of all the prin- 
ciples which have been so wonderfully developed in its 
successors, and which will now be briefly noticed. 
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The pon?r of an engine is proporlional lo the qiianlity 
of steam which it can generate in a given time ; for each 
revolution of the wheels corresponds to a double stroke 
of fach piston, and consequently to four cylinder-fulls of 
steam. U is therefore necessary to expose the largest 
possible surface of water to the action of heal. Tins 
is most effeciually attained by a tubular boiler, patented 
by Mr. Seguin in 1828, but perfected by Mr. Stephenson 
in 1829. Through the boiler, which occnpieslhe principal 
mass of the engine, run a great number of small brass 
tubes, and through ihcm tbe flame and heated air pass 
from tbe fire-box to the cbimney. The tubes are about 
6 feet long, 2 incbes in diameter, and from 90 [o 120 in 
number. ■ They have been made 300 in number, and 1 1 
inches in diameter." By this conirivance, and by sur- 
rounding the iire-box with a double casing, containing 
water, ali ihe heat is absorbed by the water before it 
reaches the cbimney. 

The introduction of such tubes tripled the eTapor»Ling 
power of the engine, and caused a saving of 40 per cent 
of the fuel. But the abstraction of all the heat from the 
air, destroyed the draught of the chimnev, and ihercfore 
the activity of the fire. This evil seemed insurmountable, 
in spite of the use of fanners, till George Stephenson 
used the waste steam, which passed from the cylinder 
after working tbe engine, to create an artificial drauglil, 
by discharging it into the chimney. This steam blast 
has been termed tbe life-blood of tbe locomotive machine. 

To economize heal still farther, the cylinders are some- 

■ The ti.bea Iwiiig very perishable, llio Eiirl of Dundonald and olliBre 
hovo proposed to consLruct boilen with the wnter in the lubn to be hmllGd, 
hiEtead of the lire in the tabes. 



I 



822 RAIL-ItOADB. 

limes placed wiihin the smoke-box, or bottom of the 
chimney, so ihm none of their steam is condensed by the 
cold almoHphere. In ibis position, besides being nearei 
ihe centre of resistance, they act with a less injurious 
Strain ; although, two pistons being necessary to pass the 
" dead-points" of the crank, their action is unavoidably 
unequal on each side in turn. But this arrangement gives 
less room for the machinery, and renders necessary a 
double -cranked axle, which is consequently much weak- 
ened, though cut from a solid mass of iron. Both 
the outside and inside arrangements have their advocates. 

Sis wheels are generally employed, the two largest 
being ilie driving-wheels to which the puwer is applied. 
These are from 5 to 7 feet in diameter, the others being 
from 3 to 4. Sometimes all are made of the same size. 
Eight wheels are also used, four large and four small, the 
latter being under a truck, which supports one end of the 
engine, and is attached to it by a pivot in its centre, 
around which it can readily turn when on a curve. 
The springs are so adjusted that the principal part of the 
weight of the engine is thrown upon the driving-wheels, 
Sometimes two pairs of wheels are coupled together to 
obtain greater adhesion in ascending inclined planes, but 
this arrangement produces an unequal strain. 

The eccentrics which open and shut the slide-valves to 
admit the steam to each end of the cylinders in turn, are 
so adjusted as to shut off the steam from one end of the 
cylinder and admit it to the otlie ■ a little while before the 
piston has finished its stroke, so as to permit the expan- 
sive action of steam, and to form a sort of steam spring. 
to deaden the jerks of the engine. The degree of open- 
ing of tiie valve in advance is termed the "lead," and 
IB usually from one-eighth to one-fourth of an inril. 




The above figure is a longitudinal section through a 
modern locomotive engine, in one of its very varied forms, 
a represents the fire-box ; from which the flames and 
healed air pass, throngh the lubes Oli, into the smoke-box 
at the other end of the engine. The water of the boiler, 
(wbich is cased with wood to prevent loss of heal by ra- 
diaiion) surrounds the fire-box and ihe tubes, and the 
Bteam generated by ihe heal thus ahaorbed, is colleclod in 
the steam chamber c. Thence it passes, through d, to the 
cylinder e, and being admitted, by the shde-valve, atler- 
nalely before and behind ihe pislon, it gives to it the re- 
ciprocating motion, which the crank on the axle of the 
driving-wheel converts into the revolution which propels 
the engine. The blast-pipe,/, conveys the waste steam 
from ihe cylinders into the chimney, lo increase ils 
draught, g g ate safety-valves, one o'f which should bo 
locked up, so as to be out of the control of (he engine- 
driver. A is one of the feed-pipes which conduct the 
water from the lender to the boiler, into which it is 
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pumped by small force-pnmpa. which are worked by the 
engine, and the derangement of which has produced se- 
rious accidents. 



The speed of an engine depends on the lapidilj with 
which its boiler can generate steam. One cylinder full 
of steam is required for each stroke of each of the pis- 
tons. Each double stroke corresponds to one revolution 
of the driving-wheels, and to the propulsion of the engine 
through a space equal to their circumference. Wheels 
seven feel in diameter pass over twenty-two feet in each 
complete reTolulion. To produce a speed of sevenly-fiTe 
miles per hour, they must revolve exactly five times in a 
second ; and to effect this number of revolutions each 
piston must make double that number of strokes in the 
same time. In this way docs this ponderous machine 
divide time into tenths of seconds, almost as precisely as 
the delicate chronometer of llie astronomer. 

This rapid reciprocating motion of the pistons is very 
destructive to the machinery, and is too great to attain the 
maximum effect of ihe power expended. It would there- 
fore be very desirable to lessen this rapidity, and to pro- 
vide some means of multiplying the motion of the pistons, 
as by chains on pulleys, &c. 

High velocities are also very expensive, in consequence 
of the rapidity with which the steam must be generated, 
and rammed, as it were, into the cylinders. The same 
effect might be produced by one quarter of the quantity 
of steam, if lime were given it to act expansively. 

The power of an engine in drawing loads, depends on 
the pressure of the steam, which is usually between 80 
and 120 lbs. to the Bquare inch It is also limited by 
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Tlie friciion of 8J lbs. to lUe ton, with wliich the pre- 
ceding table was calculated, was found (p. 265) to be too 
email. The following luble has been calculated by taking 
the friction at 10 lbs. per ton, (tlie average amount for a 
slow freight speed,) the other data remaining unchanged. 
The principles of the calculation are found on pages 325 
ftnd 276-7. The adhesion is taken al one-cighlh of ihe 
weight resting on the driving wheels.* 
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The above table ehows tiial, with its data, on an asceiit 
of 20 feel per mile, two engines will be required to trans- 
port the load which one coiild draw on a level ; thai ihrea 
engines would be required on an ascent of 40 feet pet , 
mile, and so on. 

A comparison or Ibe two Ubles also shows that by assuming 
a small amounl of friction, ascents are made to appenr much more 
Dbjeciianible, relatively, than if a larger Bmount of friction had 
been employed. Thus, on an ascent of 50 feet per mile, accord- 
ing to Lhe former table, (calculated wilb the io'^Dfticient, ihough 
commonly aaaumed friciion of 8J lbs. lo the ton,) four engines 
are required lo do Ihe work ofonfi upon a level; butthelatler and 
more correct table shows that only three and a half aro needud. 
For higher speeds, and consequently greater resistances, the same 
ascents would be found to be relatively much less injurioQS,as has i 
been shown, on page 34, wiih reference lo common ronda. 

" The greatastadhaaiunofiron upon iron IB abou' one-sixth of the ioBiit j 
ent weight; but inwet and freeiing weather becomes almostnothinp. 
lassenHwiththeinuraaaeoftheiilupenf the road, uanrly as the sine of then 
gle of inclumtion. It would evidently 'te nothing, if Che roodvere Tcilicai, 
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All [he expenses of working ihe road for any given time 
are usually added together, and divided by llie total num- 
ber of miles run in thai time by engines drawing trains. 
In this way is oblained the common average of working 
espenses, which are thus inensured by the cost of running 
trains per mile. But this principle of comparison is evi- 
dently faulty, since a train may be run for a very small 
cost per mile, bui carry few passengers and little freight ; 
and ihus its expenses, though small absolutely, may be 
ruinously great relatively. On the other hand, a lieavy 
train may cost much more per mile, but carry so great an 
amount of freight or passengers, as to be run very cheap- 
ly, relatively to them. Fifty tons, carried for 75 ceuls 
per mile, would cost I3 cents per ton, while a hundred 
tons carried for even $1 per mile, would cost but 1 cent 
per ton. 

The cost of transport per mile for each passenger or Ion 
of freight carried, is therefore a preferable standard, with 
certiiin restrictions, as affording a means of direct com- 
parison between the expenses and the receipts, which are 
the Jinal objects of all the operations. But this, again, does 
not of itself show the comparative economy of the working 
of different roads, for a road may be worked very cheaply 
per mile run, but, having little business, at a great cost per 
passenger or per ton, since a large part of the expenses 
are the same for one passenger or for a hundred. T lie con 
Terse of this takes place on a heavy road, worked expen- 
sively per mile, but cheaply per passenger or ton offreiglit. 

Both these methods of comparison ought, therefore, 10 
be employed in conjunction. 
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The complete average expense per train per miie of nin- 
nme eleven New York railroads during 1850, was 67 
reTita for passenger trains, (ranging from .14 to 94 cents,) 
I nd 67 cents for freight trains, (ranging from 37 lu 1 59 
cents ;) including in tliia the expenses of maintaining the 
rcjod, of repairing machinery, and of operating the road. 

Upon the same roads, the averasc coat per pas.-<enger 
per mile was 1 ^Vg cents ; the lowest being jW, and the 
highest 2, Vff- The average cost of freight per Ion was 
3f'i'; cents; the lowest being ItVfi ^'^'^ ^^^ highest 4^',*^ 

Upon five leading Massachusetts Railroads, the aver- 
age expenses, for Passenger trains, per mile nin, was 74 
cents, (from 63 to 93 cents,) and per passenger per mile 
1 cent, (from yVb ^° 'tVi-) 

Upon the same five roads, the Freight expenses, per 
mile run, averaged 89 cents, (from 81 [o 96 cents,) and 
per ton per mile Ij^i cents, (from joj to l-f^^.) 

The expenses on the Utica and Schenectady road ara 
classified thus :* 
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Upon the Eastern Railroad (Boston lo Porlsmouih, 51 
miles) ihe espenscs were tints classified for the year end- 
ing June 30, 1850: 1,037,000 passengers, ana 71,000 
Ions of freight having been carried :• 
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With careful managea-ent in every department, trains 
carrying average loads of from 100 lo 150 ions can be 
moved, on ordinary grades, at a cost of 80 cents per mile. 
Such economy of transport depends mainly, however, 
upon ihe certainly of always carrying full loads. For this 
reason the Baltimore and Ohio Railroad carried coal, by 
contract, for I5 cents per ton, while iheir ordinary traffic, 
givingtheengines only half a load, cost them over 2 j cents. 
The Reading Railroad is said to be able to carry coal for 
6 mills per ton per mile, because fully loaded on the dovrn 
trips. 

The present cost of transport on the Erie Canal is l^j 
cents per ton per mile, of which the State receives yj cent, 
or nearly one-half. On the Enlarged Canal, the coal is 
estimated at 7 mills, 3 of these being tolls. f 
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SAFETV OF TRAVELLISO. 

The comparative safely of railroads is one of tlic' 
most viilualile aUribulea, ihougli the one least appreciftlcd 
and most imperfeclly realized. The popular impression 
is generally [lie reverse of llie tnith, for an accident to a | 
Biage-coach is seldom heard of beyond the immediate 
scene of its occurrence, while any railroad disaster is 
passed from paper to paper over the whole land. 

There are many reasons why travelling on railroads 
should be safer than on common roads. The former arc 
level instead of hilly, and smooth instead of uneven; and 
all miscellaneous travel ia excluded. 

The cars are safer than coaciies, because iheir centres . 
of gravity are lower; their axles are less exposed to vio- 
lent shocks, and therefore are less subject to break ; and 
they are altogether less exposed to be overturned. 

Locomotive engines are safer than horses, because they 
are not liable to take fright, sliy, or run away ; and caa J 
be Slopped at once by a brake, (amcd down by opening a 
valve, and backed by simply moving a lever. 

The slalisiics of railroads fully confirm the conclusions 
of theory. On the English railroads, according to the 
parliamentary returns, between 1840 and 1845, both in 
elusive, more than 120,000,000 of passengers were car-^] 
ried, and of these only 66 were kilted, or one in nearly 
two millions; ami only 324 others were in anyway in-. 1 
jured, or one in nearly four hundred thousand. 

On the Belgian railroads, 6,609,215 persons travelled ] 
belween 1835 and 1839, and of these 15 were kilhid and ] 
16 wounded. Bui of ihcse, 26 were persons employed ] 
on the railroads, and only 3 passengers were killed and S 
wounded. In 1842, of 2,716,755 passengers, nnly three * 



Tcre killed, and o: iliesc one was n suicide, and ihe other 
Iwo mei llieir deaths by crossing tlic line. 

On French railrortds, 212 miles in length, of I.889,7ie 
passengers who travelled over 316,945 miles, in the first 
half of 1843, not one was either killed or woundi'd, and 
oniji three servants of llie railroad suffered. 

Comparing wiih this the travelling by horse-coaclies in 
ihe same region, we find that in seven years, from 1834 
to 1840, 74 persona were killed, and 2073 wounded ! 

But few as are the accidents on railways they arc still 
mncli more numerous than they need be. They may bo 
divided into those which arise from mismanagement and 
negligence, and ihusc which are caused by inherent faults 
iii the construction and working of ihe railroad. 

To the former class belong accidents from collision. 
When two cngmes and trains meet each other, or when 
Dne overtakes another, the deslniciive consequences, 
jvhich so often ensue, are generally due lo the cureless 
oess or ignorance of the conductors, or engine-drivers 
of the train ; and are finally attributable lo the false econ- 
omy of employing at a low salary incompclent persons. 
The danger of collision would also be much lessened, if 
trains running in different directions were confined inva 
riably to one fine of rails. 

Many accidents have arisen from a slow train bein° 
overtaken by a faster one. There is extreme danger in 
permitting one engine to follow anolher, except at very 
considerable distances ; and a mile is □ very short dis 
lance when .oeysiired by the brief lime in which a loco- 
motive can pass over it. 

The praciice of attaching an engine behind a train lo 
assist the frorl one in the ascent of a steep grade, is also 
fraught wiih danger ; for any derangement of either en- 
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gine makes it ihe anvil on which Uic other one falls like a 
trip-hammer, crushing every thing between them. 

The excessive speed demanded by the impatience of 
the travelling pubhc diminishes the conirolhng power, aiid 
makes the consequences of any negligence or malicious 
obstruction proportionally destructive. 

Wilful disobedience of orders on the part of engine- 
drivers and conductors, (us lo time, turning-out places, 
waiting for oilier trains, Sec.) reckless exposure lo possi- 
bilities of collision, and insane confidence in good-luck, 
are causes of the majority of accidents ; and though no 
faithful superintendent would permit such men to have a 
second opportunity for similar misconduct, yet the disas- 
Irous eiTecis of even the lirst faulls might be generally 
avoided by employing only men of undoubted intelli- 
gence, experience, sobriety, and self-control, and securing 
the services of the very best of their class by liberal com- 
pensations. 

The second division of accidents included those caused 
by inherent faults in ihe construction and working of the 
railroad. These may be in a great degree guarded 
against, by careful and conlinual inspecticn oftheline ofthe 
road, and examination of all parts of the engines and cars. 

The explosion of the locomotive boiler is often injuri 
oua, if not fatal, lo the engine-men, and by its stoppage 
of the train may cause a collision with a folloiving one. 

The settling of an embankment may cause a depres" 
sion of one side of the road, which will compel the en 
gine to run off. The looseness of a rail, its breakage, 
(when supported only at intervals) the misplacing of a 
switcli, &c., may produce a similar result, Tlie destruc- 
tive consequences would be much lessened, if means were 
provided for instantly detaching ihe train from the engine, 
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or t( Ibey n^ere so coupled that they would be separated 
by any lateral strain. 

Tlie breakage of the axles of ihe engine or rarrisges 
his caused many accidenla ; but this danger is grcaUy 
lessened by the eight wheels of the American cars,* and 
by the appendages of " Safety-beams." 

The sparks from the locomoliFe chimney frequently 
communicate fire to t!ie train, and have thus, in one in- 
stance, caused great loss of life, increased by the impos- 
fitbiljiy of communicating the inlelligeace lo the engine- 
driyer in lime to arrest the disaster. 



Many of the accidents which occur wilh llie locomotive 
system might be prevented by a uniform, simple, and 
complete plan of signals. Red flags and lights for im- 
minent danger; green for caution ; and ifAiVe for safely, 
are leading features in all the syslcn^s. The signals are 
made by the policemen, who are, or should be, stationed 
along Uic line, to see thai ihe rails are clear, to communi- 
cate intelligence, to work the signals, ice. 

The Danger signal is a red flag by day, or red glass 
lamp by night, waved backwards and forwards. The en- 
gine should be stopped the moiiicnt this signal i's seen. 
Any signal, violently waved, should also cause an imme- 
diate stoppage. 

The Caution signal is a green flag, or light, and should 
be obeyed by slackening the speed of the engine. When 

* Id ths rB^> te t we are fkr rn ulrAnce of EuropeaD Railroads, and m 
wiilcr in lbs Wolmjjuter Review lalely aaggeBled, aa an iniprarenienl 
of Ilia hj^ifrt impoitaDce, a peculjar alyle of car, which was almoGt pm-. 
CBclj identical wilh thoae wliich have been for many yeaiB iu general 



the green flag is held bd as to point upwards, it indicates " 
lh:il anuthcr engine in less tlian five minutes in advance 
of the one lo wliicli the signal is made. When held 
pointing downwards, it enjoins a slow rate of speed as 
a precaulion against defecis in ihe rails at thai place. 

The Safety, or "All-right" signal, is a while lamp at 
night, and by day tlie upright position of the policeman 
will) his flags furled. 

These signals are made by the policemen, either v 
hand fliigs and lamps, or by arms which are moveable o 
signal posts, and worked by cords. 

In the absence of these conveniences the poIicemanA 
makes the signal "Ail right," by extending his arm hori>l 
zontally; the Caution signal by holding one arm straight! 
up; and the Danger signal by holding both armftil 
straiglit up, or by waving violently a hat, or any olhe^| 
object. 

The Danger signal is always to be made immedialelyB 
after any engine or carriage has passed along the line, 
and is to be continued for five minutes; it is also to be 
made whenever there is any obslruclion on the liue, or 
any danger of it. 

The Caution signal is always to follow the JJaajf^tsi 
signal, and to be continued for five minutes ; it is also lobi 
made wherever there is any reason for siackeuing I 



The All-right signal is to be made only when the sigtialJ 
man has satisfied himself that the line is clear, uni 
strucled, and free from any snspicion of danger. EveryB 
signal-man should immediately report to his nearest 
superior oiEccr any instance of disobedience lo the signal 
wliicii he had made. 

In foggy weather both day and night signals are givean 
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and in addition, ivhen any emergency req.iires ihe imme' 
diate and certain stoppage of any train, a detonating com- 
pound, packed in a small box, is fastened to the rail with 
slips of lead, and explodes with a tremendous noise when a 
wheel passes over it, giving an unmistakeable signal for 
instant stoppage. 

While end red lights on the front and back of a train 
at night should be so arranged and combined as to indi- 
cate the direction, speed, &c. of the train. But all these 
precautions are finally dependent for their complete suc- 
cess upon the character of the persons in the employ of 

tlie company. 

22 
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The pressure of the alnioapliero is usually assumed to 
be 15 lbs. on every square inch of surface, and though 
ihe equality of this pressure in all dieeciions renders it 
generally insensible, it becomes very apparent to the 
senjCB when the hand is held on one end of a cylinder 
from (he interior of which the air is drawn out by an 
air-pump. It is this pressure which is [he motive power 
of ihe Atmospheric Railway. 

The first idea of such a construction seems to hara 
originated in 1805, in which year an Englishman, named 
Taylor, proposed to employ atmospheric pressure for 
sending letters and parcels, from town to town. Hia 
plan was to lay a long tube, Uke a gas or water pipe, be- 
tween the places, and to fit into it an air-tight piston. If 
the air was pumped out from one end of such a lube, the 
pressure of ihe atmosphere would force forward the pis- 
ton, and any thing attached to it. 

In 1810, Medhurst proptscd to make a tube, archway, 
or tunnel, large enough to contain carriages with passen- 
gers, la be propelled in a similar manner. But this scheme 
was never put into practice, for travellers did not relish 
the idea of being shot through a lube, like pellets in a 
popgun. 

The problem was now to devise some means of com 
municaling the motion of a piston, blown through an air- 
tight lube, to a carriage on the outside of this tube. 

Medhurst, in 1827, proposed to make the desired com 
munication and application of power, through a channel, 
or groove, on the lop of the tube, filled with water tu 
make it air-tight. He also suggested the use of & square 
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iron tube, wiih half iis lop risin/^ and falling on hinges, 
and aa arm coming ihrougEi the opening to connect the 
piston to the carriage. 

V'allance, in 1824, patented a variation of the tunnel of 
Hcd hurst. 

Pinkus, an American residing in London, in 1831 pro- 
posed the use of a tube witli a slit in its top and a sort of 
rope for llie covering valve. 

But no subdtaniiai success was attained till Clegg, in 

1839, invented his flap valve, and, in conjunction with 

Samuda, developed the present system. Fig. 144 is a 

Fig. 144. 




croBS-seclion of ihe pipe, valve, &c. The pipe, A, is of cast 
iron, and about eighteen inches in diameter. It is laid 
between the rails on which the carriages are to run. 
Along its top is a continuous slit, or longitidinal opening, 
through which is to pass obliquely the iron bar, or 
arm, D, which connects the piston C, with the carnage, 
of which HH is an axle. The valve which covers this slit, 
and which is shown in c-oss-section at B is essentially a 



strip of leather, one edge of which is fastened to one sHa J 
of the sht, BO llial the rest of it can rise and fall, anil ihua | 
alternately open and close the sht. In the figure . 
represented as open. To strengthen it, plates of i: 
each eight inches long, are attached lo its upper and under 
sides. The under ones are just wide enough lo fit into 
the slit ; ihe upper ones are a little wider, to prevent ihe 
valve from being pressed into the pipe. On each side of 
the slil is a rib, or projection, cast with the pipe, and 
forming a sort of trough, at the bottom of which the valve 
lies when shut. This trough is filled wiih a mixture of 
tallow and bees-wax, which, after being melted and cool- 
ed, adheres to the edge of the valve and makes It perfectly 
air-tight. 




k 



Fig. 145 is a longitudinal section of the pipe, piston, 
and leading carriage. The same letters of reference are 
employed as in Fig. 144. 

A steam engine, at the end of a length of 3 miles of the 
pipe, works an air-pump, which draws out a portion of 
the air from the pipe, A A. The air behind the piston, 
(shown at C) being no longer Dalancea by the air before 
the piston, presses it forward. The small wheelo, EEE. 
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betiind the piston, raise tlie edge of ihc valre in order lo 
make way for llie connccljiig arm, D, which drawa liio 
carriage (of which HHH are ihe axles) onward wiih ihc 
piston. The small wheels, FFF, behind the arm, lift 
up [he valve to admit the air more freely lu press on the 
back of the piston. The piston and carriage thus pro- 
ceed as long UB there is a greater pressure of air behind 
than before them. 

To re-seal the valve, after the piston has passed, in 
readiness fur being again exhausted, the second carriage 
of the train carries under it a small steel wiiecl which 
presses down the valve, and which is followed by a heater, 
or copper tube, five feet long, and filled with burning 
charcoal, which melts the composition in the trough and 
solders down the edge of the vaive. 

To stop the train the brake may be applied ; or the 
lever, shown at (i in Figs. 144 and 145, m^iy open a 
valve in the piston, and admit air in front of it to destroy 
the vacuum, and consequently the propelling power. 

When the carriage lias reached the end of one length 
of 3 miles, it passes into the next length of pipe by an 
entrance, or equilibrium valve, ingeniously contrived to 
permit the change without affecting the vacuum. 

The power of ihis system depends upon the size of the 
pipe, and the perfection of the vacuum in front of the pis- 
ton, if the pipe be 18 inches in diameter, the area of ihe 
piston will be 254 square inches, and if n perfect vacuum 
ci/uld be atlained, the pressure of the atmosphere upon 
this surfiice would be 254 x 15 = 3810 lbs. Calling the 
friction 10 lbs. lo the ton, t!iis power would be suflicient 
lo move 381 tons. In practice, however, the vacuum in 
seldom reduced below 6 lbs. to the square inch, or half 
on atmosphere, there being an unavoidable leakage. 
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Tlic fipeecl is proportioned to the rapidilv with which 
the air pump exiiaiista ihe pipe, and therefore to tlie re 
locily wiih which the air-pump piatun moves, and to tlie 
mlio between its area and tiiat oi the travelling piston. 
Air rushes inio a vuciiuin with a velocity of &00 miles pei 
hour, and this is therefore the maximum limit of speed. 
It is prohable, houcver, tliat a railroad which approxima- 
ted to this speed would find hut few passengers, and a mile 
in 62 seconds, or 5S miles per hour, is the nearest ap- 
proacli to it yet made. 

The vacuum may be made not only by working an air- 
pump by a sleam engine or by water-wheels, but by fill- 
ing an air-tight vessel with water, subsequently allowed to 
nin out at a dcplh greater than that at which the almo- 
sphere will support a column of it. 

The lime required to exiiaust a 3 mile length of pipe, 
by the usual air-pump, is 4 minutes. Allow S minutes 
fur the [rain to pass, and ihe 4 minutes needed to exliaust 
the pipe again, would give 9 minutes as the least possible 
interval between llie starting of trains, since only one 
train at a lime can be on any one length of pipe. The 
application of this system to a Broadway railway, as has 
been suggested by some projeclors, would, for tills reason, 
be wholly impracticable. 

The principal advantages claimed for the Atmospheric 
Railroad by its advocates are the following: 

Its cars can ascend any inclination however steep; 
since tlie force capable of being applied does not depend 
at all upon the adhesion of the wheels to the rails, as in 
the case of locomolives. At a certain degree of aieep- 
nesH locomotive engines could not carry up themselves, 
much less a load ; while the piston of an Atmospheric 
Railroad would exert equal force if its pipe were even 
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TCrtical, though of course with much less profitable 
effect. 

The engine and tender being dispensed with, the force 
which would have been expended in moving their weight 
of 20 or 30 tons, is so much clear saving. 

The rails may be made much 'ighier and will last much 
longer, where they hare not to sustain the shocks of the 
locnmolive, which is ihe most powerful agent in their de 
Elruction. 

High speed wilh locomotives involves great waste of 
power, in consequence of the diaadvaniageous velocity 
with which the pistons must move. It is not so wilh the 
atmospheric system. 

But greater safely is one of the most important recom- 
mendations of ibis sysiem ; for the cars cannot run off 
the track, being securely attached to the pipe; nor can 
they ever come inio collision wilh each other, for no two 
trains can be on the same length of pipe at once. 

On the oilier hand, if any obstacle be on the track, 
there is less power of slopping ihem, and none at all of 
reversing their motions ; and the great objection to the 
Blalionary engine syslem — that ihe failure of one link de- 
ranges the whole chain — applies to tlits plan also. 

But the comparative economy of the Atmospheric and 
Locomolive systems is the principal element tn deter- 
mining their relative merits. Mucii greater cheapness of 
working is claimed, by its partisans, for the atmospheric 
Bysicm, but this is strenuously denied by other engineers, 
and the testimony is so conflicling and varying, m conse- 
quence of the insufficiency of the data, that no satisfac- 
tory conclusion can be arrived at. Tlie balance of argu- 
ment seems, however, to be against the profitable employ- 
ment of the syslem in ordinary cases. Under some pecir 
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liar circumstaacM, however, such as the case of s line 
mth Bleep gratJcB, on which ligiit iraiosmustbe run at 
■bort interrats, it may probabl; be adrantageously ap 
plied. 

Tti« longitudinal vaUe being the weak poini of the sj»- 
Mm, several atlemplJi have been made to dispense with it. 
Tlie most successful inventions have been liiose of Pil- 
brow; and of Julicn and Vallirio. 

Cbmpresscd air. Carbonic acid gas, Eleclro-magnclism 
&c., have been also proposed as motive powers for railroads, 
but none of tliem seem likelj- to rival, in power, speed, or 
economy, that most mngnilicent and life-like of all human 
creations, the Locomolivc Engine. 
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CHAPTER VI 

TBB MAHAOEHENT OF TOWN BOADS. 

■* The reoBcy levied is more than double of whit ia Decenary tor exc- 
ciiling In Ihe complctnl manner Ihe work, which is oflcn eiocuted in o 
very ulnveuly maniier, and entnelimee not executed at all." 

A WISE and wcli-regulaled system of managing the re- 
pairs of roads, and o*" obtaining ihe greatest degree of 
improvement with the least amount of labor, is as impor- 
tant as tlieir judicious construction. Tiie " Road~iax" 
system, of personal service and commutation, tliougii 
nearly universal among us, is unsound in its principle, 
unjust in its operation, wasteful in its practice, and unsat- 
isfaclory in its results. Borrowed from the " statute -la- 
bor" of England, and the " Corvee" or " Prestation en 
nature" of France, like them it is a remnant of the times 
of feudal vassalage, when one of the tenures by which 
land was held was the obligation to make the roads passa- 
ble for the troops of the lord of the manor. Tlie evil 
consequences of the system will be examined, when we 
have briefly explained its organization in the state of New 
York, where it has been rendered as perfect as its nature 
permits.* 
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The directing power is veslcd in " Cmnmissioners of 
Highways," who are chosen in each (own at the annual 
town meeting, and have " the care aiid superintendence 
of the highways and bridges iherein." Subordinate tc 
them are " Overseers," of whom are chosen, at the annual i 
town-meeting, as many as there are road districts in tlie | 
town. The commissioners have the authority lo direct 
the overseers as to the grade of the road, how it should be 
shaped and drained, and the like. They may also lay out 
new loads. The principal duties of tlte overseers are to 
summon the persons suliject lo perform labor on the roads, j 
to see that they actually work, and lo coHecI fines and ] 
commutation money. The commissioners are to estimate J 
the cost of improvements necessary on the roads and I 
bridges of the town, and the board of supervisors are to ■ 
cause the amount lo be levied, but within tlie limit, for any 
one year, of two hundred and fifty dollars. But, if a legal 
town meeting so vote, the supervisors may levy " a sum 
of money, in addiliou to the sum now allowed by law, not 
exceeding five hundred dollars in any one year." 

"Every person owning or occupying land in the town ' 
m which be or she resides, and every male inhabifant 
above the age of iwenly-one years, residing in the town 
where the assessment is made, shall be assessed lo work 
on the public highways in such town." The lands of noi 
residents are also to be assessed. The wiiole number o 
days' work to be assessed shall be at least tluee times the 
number of taxable inhabitants in such town ; and may ba I 
is many as the commissioners shall think proper. 

Persons assessed to work on the highways, upon re- 
ceiving twenty-four hours' notice from the overseers, must 1 
appear either in person, or by able-bodied substitutes; oi I 
pay a sum of one dollar fur eacli day'^ neglect, imlesc | 
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they shall have previously commuted at the rate of sixty- 
two and a half cents per clay, A team, cart, wagon, or 
ptciiii^li, with a pair of iiorses or oxen, and a man to man 
age Ihem, satisfies an assessment of three days. 

Such are the principal features of the present Bystcm. 
They are all lefeclive in a greater or less degree. 

Ill the first place, the condition of the roads, which is 
80 important an element of the wealth and comfort of llie 
whole community, should not be allowed to remain at the 
mercy of the indolence, or false economy, of the various 
small townships through which the roads pass. In one 
town, its public spirit, wealth, and pride, may induce it to 
make a good road ; in the adjoining town, a short-aighled 
policy, looking only to private interest in its narrowest 
sense, may have led the inhabitants to work upon the roads 
barely enough to put them into such a condition as will 
allow a wagon to be slowly drawn over them. 

In the next place, the "commissioners" who have the 
primitive direction of the improvements and repairs, 
should be liberally compensated for the time and atten- 
tion which they give to the work. Gratuitous services 
are seldom efficient ; at best tliey are temporary and local, 
and dependent on the whims, continued residence, and 
hfe of the party; and if the compensation be insuiHcient, 
the same evils exist though in a less degree. Skill, labor, 
and time cannot be obtained and secured without being 
adequately paid for. 

The third defect in the system is the annual election 
of the commissioners and overseers. When men of 
suitable ability, knowledge, and experience have been 
once obtained, they should be permanently continued in 
ot&ce. On the present system of annual rotation, as soon 
as the overseer has learned something in his yeBr*! 
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apprentice thip, his experience is lost, and another takes bU 
plnce, and begins in iiis turn to take lessons in rcpuring 
roods at llie expense of their condition. In olber occd< 
pationi, an apprcniiceship of some ;ears is thought ae 
ccMury before a person is considered as qualified to prac 
tise with his own capital ; while a road oTerseer, the 
moment that he is chosen, is thought fit to direct a work 
requirinfj much science, at the expense of the town's cap- 
ilal of time, labor, and money. 

In the fourth place, ilie fundamental principle of the 
Road-lai is a false one. Its contemporary custom of re- 
quiring rents to be paid in kind. Las long since been found 
to be loss easy and equitable than money rents. Just so 
is work paid fur by the piece preferable in every respect 
to compulsory labor by the day. Men are now taken from 
their peculiar occupations in which ihey arc skilful, and 
transferred to one of which ihey know nothing. A good 
ploughman does not think himself necessarily competent 
to forge the coulter of his plough, or to put together its 
woodwork, He knows that It is truer economy for him to 
pay a mechanic for his services. But the laws assume 
liim to be a skilful road-maker — a more diihcull art than 
plough-making — and compel him lo act as one; though 
liis clumsiness in repairing his plough would injure only 
himself, while his road-blunders are injurious lo the whole 
community. Skill in any art is only to be acquired by 
practical and successful experience, aided by the instruc* 
tions of those who already possess it. An artisan cannot 
be extemporized. 

Fifthly, labor by the day is always less profitable than 
that done by the piece, In which each man's skill and in- 
dustry receive proportionate rewards. Working on thu 
roods is generally made a half holiday by those who »»■ 
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aemble at thii suinmcns of ihc overseer. Few of the men 
or horses do half a day's work, Uie remainder of tlieir 
time being lost in idleness, and perhaps half of even the 
actual working lime being wasted by Its misdirection. 

Lastly, it follows from the preceding, ihai ihe commu 
tation system operates very unfairly and severely upon 
those who commute ; for they pay the price of a full 
day's work, and their tax is therefore doubled. 

Such are the principal defects of the present system 
of managing the labor expended on town roads. But it is 
mucJi easier to discover and to expose, than to remove them. 
In the following plan the writer has endeavored to com- 
bine the most valuable features of the various European 
systems, and to adaprf tlient to our peculiar institutions. 

In each State, a general legislative act should establish 
all the details of construction, and determine definitely 
" What a road ought to be," in accordance with the theory 
and practice of the best engineers. Surveys should be 
made of all the leading roads, and plans and profiles of 
them prepared, so that it might be at once seen in what 
way their lines could be most efficiently and cheaply im- 
proved. 

The personal labor and commutation system should be 
entirely abolished. If the town-meeting would vote a lax 
in money of lialf the amount now levied in days' work, its 
expenditure under the supervision to be presently de- 
scribed, would produce a result superior to the present 
one. When the road is a great ihuroughfafe, extending 
far beyond the town, it would be unjust to levy upon it all 
the expense ; and a county tax, or, in extreme cases, a 
slate appropriation, should supply what might be necessary. 

In regulating the expenditure of the money raised, the 
fundamental principle, dictated by tlie truest and most 



349 



MANAGEMENT OF TOWCT ROADfl. 



far-8ighied economy, should be to sacrifice a portion of 
ihe resources of the road to ensure the good employmen. 
of the remainder. The juiitice of tliia principle needs no 
argument ; its best mode of application 19 the only diffi 
culty. The first siep s>l)ou.(l be to place ihe repairs of 
ilic Toada under the charge of a professional Road-maker 
of science and experience On his skill will depend ihe 
condition of the roads, more than on local circumstances 
or expenditures. His qualificalions should be leated by 
a competent board of examiners, if he should not have re- 
ceived special instructions in the requisite knowledge, 
such as might well form a peculiar department of educa- 
tion in our Colleges and Normal schools. As each town 
by itself could not afford to employ a competent person, 
a number of tbem (more or less according lo iheir wealth 
and ihe importance of ihe roads within their bounds) 
should unite in an association for that purpose. 

The engineer thus appointed should choose, in each 
township, an active, industrious man, of ordinary educa- 
tion, to act as his deputy in making the expenditures in 
thai town, and as foreman of the laborers employed during 
the season of active labor on the roads. This deputy 
niigbl be busily and profitably employed during the en- 
tire remainder of the year, in cortstaniiy passing over in 
due rotalion ihe whole line of road under his care, and 
making, himself, the slight repairs which the continual 
wear and lear of ihe Iraflic would render necessary. If 
taken in lime, he himself could perform them ; but if left 
unattended lo, as is usual, till the season of general re- 
pairs, the deterioralion would increase in a geometrical 
ratio, and perhaps cause an accident to a traveller, which 
would subject the town lo damages tenfold the cost of 
repairs. 
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Tlie laborers hired by ihe deputy in each town should 
be employed by piece-work as fur as is possible. This 
can be carried out lo a great esteitl, when ihe superin 
lendent la competent lo measure accurately the various 
descriptions of worli, and lo eslimaie their comparative 
difficulty. When ihe work cannot be properly executed 
by portions allolied to one man, it may be taken by gacga 
of four or fire, who should form iheir own associations, 
make a common bargain, and divide the pay. In work 
not susceptible of definite calculation as lo quantity or 
quality, and in such only, day-labor may be resorted lo 
under a continual and vigilant superintendence. 

In such a system as has been here skelclied, the money- 
tax would be found to be not only more equitable llian the 
personal -lab or system, but even leas burdensome. None 
of it would be wasted ; and those who had skill and 
strength for road-work would receive back, in wages, 
more than their share of it; those who were skilful in 
other work might remain at liial which was most profitable 
to ihem, and pay only their simple share of the road-lax, 
not double, as when they now commute ; and ihe only 
losers by the change would be ihe indolent, who were 
useless under the old system, but under this, would be 
obliged to contribute their share ; while great gain iii 
every way would ensue lo the community at large. The 
eubject urgently demands legislative aiieutioD. 



APPENDIS J 



APPENDIX A. 



I 



■xc&TATto;!r AKD 

It ia required to finil the content of a msas of earth, filled Into ft 
hoUon or dug mit of a hill. 

Since ne ciinaot real); measure the (llmcneions of the mass atler 
the work Is doue, it U necegsary to determine the hciglit or the 
ono;inal surface of the ground, nbnTC (or tKlow) some datum, 
befure the cutting or filling is made. This is done by taking 
"levels'' (or cross-sections) at all poinla where the ground changei 

After the cutting or filling has been made, "levels" are again 
taken over the new surface, generally eiactly above, or below, 
the original ones. The difference of tlie corresponding levels 
gives the desired heiglils, or depths. Then the proper rules of 
mensuration run be applied. Tlicre ore several cases to be 
considered. 

Cask I. When Ihe ground is level transversely, " One level." 

Cabb II. When it ia sidelong, that ia, has a trauarerse slope, 
" Two level." 

Cash IIL " Three level" ground. 

Cask IV. Irregular ground. 

CabkV. On curves. 
Cask I. — When the ground it Utel fronjwrwly, "0ns tewt" 

It ia then sufficient to take a single " level" at each point of the 
line at which the ground changes elope longitudinally (as on 
p. tl6). Tlie content is then calculated by one of the following 
methoda: 
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1.660,140 



In the above lahular view, tbe first BCven columi 
trom page 116. The remaining columns of areas 
tents are filled up by the fnllawinp calcuhllons. aa 
tho width of mad-bed ; which will be the bDiiom 
the top of an embanktnent, at a height jusl suflicie 
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elevaiions and depressions of the final transverse profile of ihe sur- 
face of the road. The aide-slopes of the excavations ars supposed 
to be IJ to I, and those of the einbankmentB 3 to 1. Vt'e are not* 
prepared to lake up, in turn, each of tbe four usual metbods of eal 
cnlatian. 
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At Btalinn 5, the scctioi 
(iguie, ami has an area = 
At alation 6, the area = 
At BUtInn 7, the area - 
The column of End-Ai 
The Cubical Contenli ; 



I nr Ihe emhanlcm«nt is shaped as ii 
(50 + ax 19) X 19 = l8'ra. 
= (50 + 3X8) X6=Q38. 
:0, 



B fjlleil. 

> be ealculated. 

The m:i3B between alations 1 and 3, has an area of at one end, 
.;irl i.f 1386 at the other, and is 581 leet lung. lis conlenia, by ihn 
luBlhud which wc now empliiy, "ill equal i!ie average iif the two 

areaa, miiUipUed b; the length ; i. e. 
cuhic fcot 



- X 501 = 388,773 
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], that botntft^n 3 and 3, equals 



< 8S8= 1,S80,0U4 cubic feet. 
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— X 823 = B60,000 cubic feet, 
and the embank men I begins. 



- X 625 ^ 007,500 cubic feet 



The aixih n 



X330 



: 87,120 cubic feel. 

: divided by 37. to 



Duld be faciiilated, 
r> yarda and ibeir 



These resulla, beinj in cubic feel, ahnuld 
reduce ihem lu evi'ic yardt, xim deaimiiBili< 
are made and cimiracturs pnid. Tins rcducii< 
if the measuring lagies and rods were divldei 
decimal Jiarta ; or if the dialancea of tbe 
acme multiple of 54 feet. 

The results thua obtained, bj averaging the end-areas, exceed 
the correct amonnt, as will appear from an inspection of the figure 
oti the following page, from which may also he deduced the cor- 
rection to be aj.plied. 

This %lice presents a perspective view of a tapering priamoidal 
maaa, audi as is an excavation of unequal size at ita two ex- 
Iremiiies ; ABCD being the area of its largest end, and EFGH uf 
its sjnallest. Conceive a plane, parallel to the base of the cutting 
CDilG, to be passed through KV. Il would out the larger end in 
the line IJ, leaving below it a quadranguUr priam, with equal bases 
EFGH and CDIJ. Subdivide the remaining Qgure, by raiemglhe 
fertical lines IL and JK, and passing a plane through IL and E, 
and another through JK and F. The interior body thus formad 
appears wedge-shaped, but is a triangular prism, equal to half the 
quadrangular prism, which has IJKL fur base, and IE or JF fur 
height. There remain two triangular pyramids, — one with baao 
ALI and vertex E, and the other with base BJK and vertex F. 

The prismoid being thua dissected, the contents of the quadran- 
gular and of the triangular prisms would he correctly obt:^incd by 
multiplying ihe sum of Iho bases or end-areas by one-ZuU/ the 
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bfigih ; but U find ihe conlenU orihe pyramids, Iheii baaes BhniiU 
be niuUiplieil bj one-third of iheir [engih. Tlic meilmd iif oalcula- 
tion whjch we liavc empliiyed multiplies ihe sum uf Lite end-areas 
ur ihe otigiiial figure, (wlijuh is composed o( Ihe prisma and pyra- 
mids which ue are discussing) by onf-half the length ; and ihece- 
fore gives a tesuli too larg(> liy the difference between a half and a 
third — i. e., by a sijitii — uf the product of the bases of Ihe pjra- 

■.,..., u JKX K» + 1LXI.A ..JF 

ntlds by their length : i. «., — — — r X -g . 

Representing by d the difference of the depths of ihe end cat- 
tings, ihe ralio of ihe sLde-slupes by i to I, and ihe lengih of the 
entiing or filling by /, the error in excess will be 

dXsd + dXid I td'l 
fl ^ b ^ 6 ■ 

If this be calculated for each mass, and auUracled from the results 
previously obtained by averaging end-areas, ihe remainder ^till 
equal the result obiained by the correct prismoidal formula, lu be 
bereafter examined. Thus, for the mass between stations 1 and 2 

IjX IS ' X 561^ _ 
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= 388,773 — 46,441 = 3J3,333, ' 
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rect amount. The 
presented below in a labulai 
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We thus »ee that the method of ealculatin 
banLmcnt by averaging the ead-;ireas, though very generally used, 
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in ihe prpBeni example ils excess oTCr ihe Inilt I 
ta ncarJ; 130,000 cubic (eel in (lie excaraiiun, aiitl MO,(KIO in the 
em bin km en I, or 370,000 in ihe whule, equal to 10,000 cuhic jrards. 
ir Ihia methiHl had b«eii used in estimaiing Ihe payment due to ■ 
c(mtra<:lor at 10 cenla per yani, be would -bsTe been eonaeqnently^ 
overpaid 91000. ^B 

2. CALCULATION Bt TOS MISDLB ARSAS. ^ 

The second melliud o( calculaliun is to deduce the middle area 
of earli priamoldal maaa rrotn the middle height, or aritbmeljc&l mean 
of the extreme heights, and multiply it by the length. 

Applying il^is meLhod to Ihe preceding example, and adopting Ihe 
colnmns 1, 2, 6, and 7 a( the table on pdge 116. we obtain the te- 
aiilts e.xLibited m the last three culumiia of the ruliuwmg table. 
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The Tullowing formnW show the method of ohtaining the " miiJ- 

I the sixth column of the above table. 

MidiJIeheighl= 0. Middle area — [50+1 JX 9) X 8 = 571.5 

" =19. " " ={50+15X19) X19 =H91.6 

« " =10. " " — (50+liXtO) XIO =650. 

" " = 0.5 " " =150+3X 9.5)X9.5 = 055.5 

" " =13.5 " " =(50+3X13.5)X135=:I039.6 

" " = 4. '■ " =(50+2X4) X4 = 

The euhical cnntenls are then calculated us follows ; 

571.5 X 5( 1 = 330,011.5 cubic feet. 

1491.5 X 658 = 1,379,707. " " 

650. X 825 = 536.350. » ■* 

655.5 X 830 = 537,510. " » 

103B.5 X 825 = 657.587.5 " " 

233. X 330 = 76,560. " " 
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The resalts ihns otilsincd are loo small fceir Jeficicncy being 

equal 10 juBt linlf Uie eieen of Ihe first mFliiod. This will appeal 

oy sgnin rereirjiig tii tlie figure un p!ige Sii, II will be tvcn ihai 

the coiilenIB of the priflma in ihiii fi^te will be ciirrecily pirn bj 

tills nielhud, but that the deticiency is in the pjramiils. Cilling 

d d 

I' eir R.iildte heights - ; their middle widihi will be > -^ ; ihdr mid- 

die »ieit » -^ ; Ihe contents of one of them tl -g ; and of ihe two 

rf* id'X.td l\ 

rf -.. Sul ihe true conleni* of ihe pjnunida is 9 / —r — x z 1 

■=mI -^\ and ihe deficiency of Ihe method of middle areas ia 

tl erefore ihe difference belween a ihird and ajburth — i. t. a Iwclfib 
— of the pruJuct of tlie bases of the pytamida by Iheir length, or 

-rrr . Corrections thus calculated, and added to the abuve resulla, 
would make iliera coincide with the true ones given by the pria- 
moidal formula, which we will next consider. 

3. CALCULATION BY THE PBISMOIDAL FORMtJLA. 

The mass, of which the rolume is demanded, is a true Pritmetd, 
and its correct cnnlenis will therefore be given by ihe well'known 
prismuidal formula, whieb is as follows : 

Find Ihe area of each end of ihe mass, and also Ibe middle area 
corresponding to the arithmciical mean of the beiglils of ihe two 
ends. Add logelher the area of each end, and four limss Ihe 
middle area. Multiply the aum by the length, and divide the pro- 
duct by 6. The quotient will be the Irue culiic contents re<piired. 

Applying this melhud to the original example, and adopting ci>l- 
unins I, 3, 6, T, 8, from page 349, and ihe middle areas from page 
SCi-l, ne may prepare ttie follou ing table : 
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571.5 3-13.333 
14m.5 I.-^80.136 

630. 577,500 

655.5 586.847 
ioaa.s 874,325 

233. 80,080 


9,300,068 1,54 1,15s 
1,541,15-2 

659.816 



The m» 
u follows 



nner of ubuiDiag ihe amounu in the last two colum 
(0+1386+ 571.5X4) X —^ 3«,332. 

(1380+ 1600+ 1491.5 X 4) X 

825 
(1000 + 0+650 X 4) X -g- = 677,500. 

(0 + 1672 + 655 5 X 4) X -|- = 586.847. 

(1673+ 528+ 1039.5 X 4) X- 

a 

(638 + 0+233 X 4} X - 



136. 



874,335. 



Whatever Ihe shape of the mBsa of earth intercepted between 
two imrallel crnss-Becliona, it may be divided inio prisms, pyramids, 
uedffeB, or frualra of [lyramids, to all which, and therefore to the 
entire mass, the pmmoida! rormula may he correctly applied.* 

The labor of the calculation may be much leasened by the use 
of Itiblen, such as those of Maoneill, Bidder, Fourier, Johnaon, &c. 
A speeimen of Maeneill's is given al the end of Ihe volume. 

The priamoidal formula may be readily deduced from the di»> 
aeoled figure on page 854. Call the height of the leaser end h ; of 
the greater end g- ; the breadth of base 6; the ratio .of [he aide- 
slopes to unity i; and the iengih I. Then we may proceed thu»; 



* Joumil of the FrankliQ Inslitu 



I, January and Juns, 1840 




I 



Aresofilie Bmaller enil EFGII = A (i + »/.) = ift + iA'. 
.-. Conienl of iho lower priBm = (M + lA") X /j . . . [A] 
Area of tec (angle UKL = (.b + 3ih) {g~k) = bg+ Sigh 

— M— a>A'. 

.'. Conlent of the upper priim = t,hg+ aagk—ih — Stk*) X-, [BJ 

Bases of Iho two pyramids = (g — h) XMlg—h) = ig' — 

3igh + sh'. 

.-. Coalentsof thepyrunids ((f* — Slgh + lh'iXXi ■ ■ [^] 
Uaiiing the expressions for the partial conlealB [A], [B], and 

[C], and reduciDg them to a common denominator, we get fur the 

conlenta ol' [he prismoid, 

(6iA +6jA'+ Ug + ^»gh — Zbh — OsV + 2J^ — Ugh + ■ZjA') X '- 

= {3ih + 3ig+2agh + 2sg*+2ak^X '- [D]. 

This expression may be decomposed into Iho following : 
(,bh + sh' + bg + ag' + 2ig + 2ih + 2jgA+ig' + thr) X '-. 



The first two terms eipresa 


iha area of the smaller end of the 


priamoid, and the next two th 


area of the larger 


end. The re- 


maining five terms may be Iran 


sformeil inlo 




.('%+"+.»+«') = 


=44±.0+ 


■■'-¥)\ 


which ia the expression fur 4 i 


mes the middle are 


a; thus giving 


Ihe priimoidalformvla. 






The formula [D], giFing the 


contents of the pr 


amoid, may be 


Iransformed into another, more 


convenient for calc 


blion than the 


□sual prismoidal one. By separation into factors, it 


becomes. 


l2»(gh+g- + h') + Uih + g)]X-^ . . . 


. . . [EJ 


which gives the following 







Add together the squares of the heights at each end, and their 

I'roduct. M ulliply Ihe sum by twice the ratio of the side-slopes to 

ly Reserve the product. Multiply t le sum of ihc heighu by 
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thtce times Ihc brnadlh of base, and add the prodnello tb«r( 

pcoducl. Multiply Lheir Bum by tlie Jenglh or distance bMwtten Ibe 
a. ajid divide by six. 
Applying the rule to the mass between stations 3 and 3, we find 
^ = SO, A = IB, b= 50, i=li, 1 = B58, and the calculsticn u 
nade ihua : 

18" = 334 

ao' = 400 

18 X 20 = 300 

10B4XQ X U = 33S3 



Cubical contBnis= Ii>80136 

Formuk [E] may be also transfurmed into Ihe following fonnatm, 
eilber of which is more conTenient for calculation than the Qsnat 
priEinoidal rurmula. 



[3* (g-h)' + 34 (g + h) + a,gh] X '- 
or [Us {g + >>)'+ 3b (g + h) — S>s^] X i 



IF) 

[GJ 



When ihe aide-atopea are l{ to 1, the preceding forronlfs ate 
much simplified, for 2a = 3, and ihe factor three may llierefore be 
eliminated from each term, and one-half, instead of one-siith of 
the length be used as a multiplier. 

Formula [G] then becomes 

lOr+«'+»(it+«)-«ilX;- 



This fbnnnlB girea the fallowing 



I 
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When the side-slopes are 1| to 1, add [ogeihRr the brf^adlh of 
bate anil ths heights at each end of the mass. Multiply this sum 
by the sum uf ihe two heigliis. Fiiitn the priiditcl subiraci the pro- 
duce or Ihe two heights. Multiply the remaintler by half the length. 
The calculation of the preceding example will then be made Ihus : 
GO 
IS 18 



858 — 2 = 429 

Cubical contents = 1,380,130 

When the height anil there/are area at one end = 0, h vanishes 
from Ihe formula [£], which thus becomes 

»./r' + 3»j)x j = B>s + 3»f [II 

gjriog Ihe followiDg 

Add the product of the height by twice the slope to three times 
the breadtli of base. Multiply the sum by the height, and that pro- 
duct by the length, and divide the product by six. 

The calculatiiin of the cubical contents of the mass between sta- 
tions I and S will accordingly be thus made : 

3X IJX 18= 64 

3 X 60— 150 18 X 661 

201 X = = 343332. 

204 
When these last two conditions are combined (i. e. slopes 1 j to 1 
Uid one height = OJ formula [I] becomsa, still more simply. 
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When llic croBS-aeclions haye been taken al uniform dUUnoM 
■part, IB« is usual in the final lucaliim of a Ruad or Railroad, oao 
hiindreJ feet being the customary interval) itie calculation of Ihe 
culiical cunlents of the auccensive prismoida may be reduced to a 
■ingle operation fur the tvhole icrieB, and therefore much short- J 
cncd, by the use of the aymmelrical formula which will be n 
iuvcstigatcd, and presented in the fotm of a Rule. 

Through the first prismoidal mass of earth, conceive two vc 
cal planes lu pasa lengthwise, culling il in the lines in which tha 
■idc-slupes meet the base of the roud, (which is the boltom of an 
excavation, or the lop of an embankment) as the lines CG and 
DH, of Fig. 149. These planes divide ihc prisraoid into a cen- 
tral prism, and two pyramids or frusta. The content of the entire 
prisinoid ia expressed, according to formula [G], page 358, by 



p. (J + w + a» (« + « — 2IJJ) X 



. [G] 



y be decomposed into these two portions : 



[ll.(g + J)'-2>sA]>, 



=4fKs+')'-«*i ■ - m 



Formula [K] expresses the content of the central prism, and lor- 
mula [L] iha.1 of the two pyramids or frusta. Denoting the end 
depths (without regarding which is the greater) by h and h', (tha 
former representing the depth at the starting point, and tha lalia 
that at the faithei end) the furmulc become 



Mh+k-) . 



. IM] 

■ [N] ■ 



Considering now the next prismoid, or following length of exoa- 
valion, (or embankment) iu first depth Is seen tu he Identical with 
the IemI depth of the preceding prismuid, i. e. il U h'. Calling tbc 
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depth U ill farther end A", the content of it* etnlral pritm, by 
formula [-M], will be 

The conleni of the third length will similarly be 

^ (*■ + »■■) 

■nd so on for the succeeding portions, I being the unie in ewh. 
The sum ol any number of these will be 

y [(A + A') + (A' + A") + (A" + *"■) + &« 1 

= — (A + 2A' + U" + 2A'" + &e.) 

Designating Ihc Usl depth of the aeries by H, this e^fpressioa 

Expressed in words, it then gives this 



Tn find the cubical contents of the central prisms, add together 
hair of the (irsi and last depths, and all the intermediate dcpllis. 
Multiply their sum by the breadth of hase, and that product hy the 
length in feet of one of the equal distances. The last product will 
be the contents in cubic feet. 

The content of the two pyramids or frusta, on each side of tho 
central prism, is for the first length, by formula N, 

■J[(A + Ar-AA'l 

For the second length it is '—{(.h' + A")' — A'A"] 

For the third length it is ^ [(A" + A'";'— A"A"'] i and so on. 
For aoy number of equal lengths, the sum of the 
~ lift + *')' + (A' + A")' + &=■ — (AA' + A'A" + Ao.)! . 
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£xpr«ssci1 in woids, il gives thU 
BULE. 

To find the cubical etiMeM of the pyramids or/nw/a, equare Um 
■um of Ihe drat and second deplha, l)ie Beccind and tlilrd, the ibtrd 
knd ruurtli. and bo on. and add ttieae sijiiareB logelhcr. Mulliply 
the first ilepLh by the second, ihe second by the ihird, and so on, 
»nd add Uie pniducits together. Subtract the sum of the ptoducls 
from the Biim of llie squares. Mulliply the difference by the length 
in feet of one of the equal distances, and that product by ihe ratio 
of Ihe side-alupea to unity. Divide Ihe last product by three, and 
the quotient will be the content in cubic feet. 

The sum of the two contents, thus obtained by fonnulB [O] and 
[P], or by ibe Rules derived from lliem, will be the total contenl 
required. 

In the following example, the width of base is 30 feet, Ibe side- 
Blopea S to 1, and the equal distances, at which the levels were 
taken, are each 100 feel. Therefore 4 = 30, a — 2, 1= 100, and 
A, h\ h" = the BUCCGssiro numbers in the third column of the table. 
In substituting Ihe vniups of the quantities in the formula they wiK 



sntly « 



n under i 



ch other. 



BUtioD. 


D.t.n«. 


PcpUu 


I 
S 
3 
4 
6 
8 
7 


100 
100 
100 
100 

100 
100 


= A 
2.= A' 
4. =A" 

3. =A"' 
6. =A' 
l. = A' 

4. = H 



I 
I 



The content of the central prism, by formula [O], ; 



- 30 X 100 X 17 . = 61000 cubic feel. 
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of the pframida tuid fnisto, b; foimnlk [P], 



+ (4 + 3)' 
+ (3 + 5)' 
+ (5 + D' 





r * 




- 




+ 3fi 


B 






+ 4B 


+ la 






+ ai 


— + 15 






+ 3« 


+ 5 






+ 25 


+ i 






2U 


^ 44 





= 68333 cubic feet = 
intent raioired. 



-X 170 = 11383. 



S.S cubic yftrde = 



4. OALCULAnON BV 1 

A fourlh nielbiKl, ciiUA th&t af " Mein proportionals," is sum» 
tiDHtE, though very i[iipruperly,eiiip)ojed. It assumes implicitly (hsi 
Ihe mass is a frustum of n. pyramid, i. e. that all its sides, if pra- 
dnced, would intersect in one vertex, a supposition which would 
very seldotn he perfectly true. On this assumption the followinj; 
ia Ihe Rule. 

Add together the areas of the two ends, and a mean proportional 
between them, (found by extracting the square root of their product) 
■nd multiply the sum of these three areas by the length of (he 
frustum, and diride the product by three. The result is always 

I much less than The liuth, fur it treats as pyramids, or thirds of 
prisms, the wedge-shaped pieces which are really halves of prisnu. 
It la farthest from the truth when one of the areas = 0. 
Cab 
T 
oft! 
Zb 
«f 1 



Case II. — Wken tJie ground is siddimn^ i. e., ha» a trauMerae »lope, 
" Ttro-leDet." 

The cross-section of the ground, nt liglil angU's to the dir«ctioa 
of the road, baa been ossuined to be level. Bui the lieigtit of the 
Burface of llie ground ustially varies considerably within ilic widtlt 
owupicd by the future road, and renders necessary the taking 
«f leveta not merely on tbe ceotre liae, but also on the sidea ■) 



J 



3C5 
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poinls JQ which tbe side-slopea, of the cuttings 
mad, woQld interaect the surface of the ground. 

1. Wbcu Ihe snrfikce of the grouad tian the sji 
inid of the miLss t.> be cslculftted. 

Od such ground if the centre level. ■', f., the heijrht or depth on 
the centre lioe of the road, be used to calculate the area of Ibe 
crosa-eection, as if the ground were level transverselj, the tkzea 
thus obtained will bIwhjs be too aaaU; the difference bdng equal 
K> the triuigle DQR, in Fig. 149. 




r filling of llio 




This muBt be guarded against in calculating the content from ■ 
preliminary survey, in which, usually, only one single level ia 
taken along the centre line at each atatinu. 

If the average of the extreme heights is taken and used to get 
the area, as if that were the height of a. level, horizontal, transverse 
section, the result is always too great. 

There will then be some height, which used as the height of a 
sectiou level transversely, will produce the true area. Thia ia 
called the cquusalenl mean height. One method for determining 
the true area is the following: 

Fig. 16& 




The cmsB-section ABCD = (EC x iDF) + (8F x tAE). 
S. When thu transverse slope of the ground is not the sam 
ea(;h end of iho mass. 
In this case the surface of the ground ia learped ox tuiited, bi 



K hyperbolic paraboloid, but the priamolda! formiiln still applies, 
" will now be shown. 



1 CALOUi^Tiatf ( 



I 



'Wben an engineer ia Inylng out a road or railwaj, he baa to 
determine the amount of earth necessary [o be removed in making 
the " cuts" and " tills" of the road. To do this, liis most usual 
course is to lake " cross- sec lions" or " profiles," of the ground at 
right angles to the line of road, at convenient Intervals, and then to 
calculate bj various melhods, commonly near appro ximaL Sous, Iho 
volume included between each pair of Iheae cross-sec lions. The 
disiAucea apart at vrbich these cross-sections are tnken, are dcter- 
miaed by Ibe engineer according to the nature of tlie ground ; bia 
aim being Ihat there ahall not merely be no abmpl change of 
height between each pair of these cross-sections, but tliat the sur- 
face from one lo the other ahM THtry un^arnd;/ ; gradually passing, 
for example, from a small lo a great degree of alopc, or from a 
Elope to Ibe right into a slope to Uie left, without any sudden 



tony ( 






The surface fulfilling this condition of varying uniformly, since 
it is everywhere straight in some direction, is evidently a rvl^ 
tUT/ace; and ainea the extreme profiles are seldom parallel, it will 
be a aitrped or licitted snrtUce. 

Our engineers have t>een accustomed lo consider these surfaces as 
not admitting of precise calculation, but c)nly of a degree of ap- 
proiimation varying with the nearness of the cross-sections. The 
object of this paper is to examine the correctness of this position. 
It will therefore have two parla: firstly, a Uiscusaion of the precise 
nature of the surface ; and secondly, an invustigatlon of a formula 
applying to it. 

L What sort of a aarped tUTfaee is tht one in quettion; that m, 
aJiat i» iU vuidf of generation ,' 

To determine this, we must inquire what the engineer meana 



.«*ple I 
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!rnm the plaos ^^ 



wbcn he wys thai the ground " rtiiet nuitormlj-" from 
kl which he 8laDdB,Knil at which he has Jast takea a cra««-aectioD, 
^ lo the place at which he derides it will be proper to lake the next 
crow-eectioD ; whether he mauis that the grmtnd between the two 
la itraiglil crow-vue or stntghl lenglk-vrue; straight at right angles 
to the dirccljon in which the road nina. or siraigbt in that direction. 
Probably few engineers ask themaelvea this queslioa in so many 
words i but II would seem that the tbnner conceptioii, or itraight- 
not croH-uiK, is the rig. isi. 

more likely to be what 
la meant, for (be reason 
that any deyiation from 
BiraightnesB in Uiat 
direction, at right 
angles tu the hne 
along which we look, 
b mucli more easily 
aecn than m the other 
direction. We can 
therefore much more readily determine whether the surface of the 
road is straight or carved from side to aide than Crom end lo end; 
and the surface which ^^ ^^ 

we pronounce uniform, 
is therefore much more 
liliely lo be straight 



I 
I 
I 



Btraighl length -wise. 

In geometrical lan- 
guage the former sur- 
face (which is repre- 
seuied in plan in Fig. 
151,) is generated by a ' 

straight line resting on the two straight lines which join the 
estrcmiliea of the two profllcs, and moving parallel tfl their planes 
or perpendicular to the axis of the road. This surface is a " liyper- 
boUe paraboloid." 

The latter surface (shown in plan in Fig. 153.) is generated by a. 
Straight line '^sting on the two profiles, and moving parallel lo tlia 
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Tertical plane whicli pissM tlirough (lie axis of the road. It &|an 

ia ■ liypcrbotic parnbotoid, ttiougli a, difftTcnl oaf team the torincr. 
1 he French enginm^n rig. lu. 

(:'^rutnl, 111; VEmle 
OuttraU. eft.,) adopt V 
this latter hypotlieais. 
Wo have seen, how- 
ever, that tbe former ia 
the more probable one. 
The French hypoth- 
esis is Ikrtber objec- 
tionable on malhe- 
mniical grounds. As ! 

■oou as tlte generating line quils the end lines and rests on tbe 
Hide lines, it has new directrices, and the whole surface generated, 
is really compoiied uf three dllTerent paraboloids ; a want of sym- 
Dieiry alone Eh sufltcient to cause tbe rejection of this system. 

Fortunately, the practical difference between the two, is really 
very slight! for a very small change in the laller bypotbesU will 
make ils result identical with that of ibe former. Conceive tbe 
straight line whicli rests on the two profiles to move on them In 
Buch a way as always to divide them preportionatlg, as in Fig. 153. 
The surface thus geueralcd is Identical with ibat of Fig. 131 ; as ia 
proven in the higher descriptive geometry. 

This last concepti<m is also more probably correct than Fig. 1!)3 — 
even if we suppose the engineer to consider longitudinal slraight- 
ness, — since be Is more likely lo extend his imagination trom all 
parts of one profile to the corresponding parts of Uic other, than hi 
lines perpendicular to tbe profile on which he stands.* 
II, We leSl therefore naai proceed to i/iveiCigale the tonterU of a 






. BDd lb 



•It iti ftiUi itf Chauiikt," (tbe hlgheitt 



!< In Ibc 1 



.h tbis ]> 



P 



(le ta ■dopt«d. Tbli removea tbe ODlj' obaMcte lo tbe icctpunce of tile prind- 
ple which is here idToi-iKed, 

Id the modtlB Ulu'IniilDg the ariginal paper. IhrfnrAicse in qnetiien vara 
(Drmed by fllfe Ihnida, repregmtlHg tbe gcntratlne: line*. The idr;nlit; of the 
ud tbtid anrheea, uid tbe diuimllBrily of the aecoad, wele Uien eTidenl 



"P*- 
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•fflirf, hmndfd on one fact by a tearptd mrfaa generated *n IheJIrM 
hypolken* — Hie other faett htiiig planea. 

We will take the case of lui eicaT&lion ; that of an embanhmenl 
being the same iDvcrted, 

We will b^ia by coasidcring the bottom of the excaratioi) U> be 
leTel, tmd ill sides to be rerticftl; and will tflerwud discuM IbB 
more usual fonn. 



Fig. IM. 




Let A and a' be the parallel Beclions at each end of the sofid ; i 
and fi' their respective breadths ; p and g tlie outside depths of tha 
section a, nnd p' and }' those of the seciion a' ; and I the length of 
the soHd, measured at right anglcH to the planes of the sections. 

The outside depths are supposed to Tary uniformij from p to (/ 
and from q to g". 

Then, at « feet from a, the breadth = i + -^(i'— 6) ; one ontaida 

^p+ — (p' — p); and the other =g + ^{g'—g)- 

The area of that section will therefore be 

i[6+^(i'-i)] X [p + ±ip--p)-l-g+^(g'-Q)]. (1) 

Arranging this expresuon according to the powers of *, it t>e- 
Gome*, 
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i[6(P + j) 



I 

[!'-~t){p'-p +g'~q ) -1 



The product of lliU by dx being tlie differential of Uie aolid, tlM 
acquired volume is, 



/*[" 



I C'-'llg'- 



>«•-?) . 



m 



I 



Int^ntlng from to I, we obtain tbia expression, 

i [i(p+ j)i+)6(p'-p+?'-5)I+l{S-6) 
CP + 9)'+*(*'-6)(p'-P+9'-?)'] 
PerfonniDg llie operationB indicated and factoring, we finally ob- 
tain for the required volume of the solid, Uiis symtnctrical Ibrmula. 

We now propose to aliow lliat the volume given by the preced- 
ing formula (3) is Ihe same as would be obtained by applying the 
familiar prismoidal rule lo the given Milid. 

The area of the section A = ^i(p+g); anil that of the section 

The area of the section midwny bctweeo A and b, 

Ltl the bate qf lltt given mild ft a jxtraUdogram, 

Tben b=b' ; bhA farmnlii (3) bcRomei. 
'/• ' ['/i*(P + ff) +V) 6<J>'+ 9')l/=i( *'/,ip * g +P'+ff') = Ttie product ol 
ttaa bBBS of ttae w*rpcd f DrOce prL>m b; tbc uldunetlcal mona ot the bel^ll of 

Let the baa be a triansle. 

Then J* = 0. and p'= if ; and fonnola (3) become*, 
V,J[»(P + J) +Sf'] = '/,6'- V,(P + ? + ?■) = Thei 



a plaae le on]} a parlicalar can 0I a liyperbollc 
gelipml proof of lie well known roles lor the cf 
'h hxe triani^lM or mnllelociama Ibr biu«. 



;t of the bate bj 
if ihe pritm <!■ 
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Addini: IngcUipr the nrnis of A nnd a', and fniir limes llie middle 
•ni'H, and multipljing tlic aum by i (, we olitain, 

iH>-p + Sj + S>'+ iY+ i4p'+ ibg-^ ib-p + ib-q') 
which can be dMwmpoBCd iotii the fullowiDK : 

*'[(*+**■) (p+!rt + (i'+16)(p' + ?')] - . . . 01 
Tills expresaioD ia identical witli the general foraiuta (3) befora 
oblaincd. 

We Uiua arrive at tlie conclusion Ihiit tht famiUar " prirmoidtA 
formida" can be applied leiih perfect aetaraty to tuth nAidi at tea 
Aow ditcusKd, haling one of their face* a learped etirface generaUi 
at in our first or third hypotheaii. 

We liave Ihiis far been supposing that the road-bed was hoit | 
Eonlal, or, in more general terms, that the base of the solid i 
perpendicular to lis ends. The base tnny, botrevcr, make obllquo ] 
angles with tliein. Then, in reduce tlie sntjd wliich we have been 
diecussing to this foim, we must lake from it a wedge-shaped solid, 
the breadtbB of whose ends are b and !/, und one of whose depths 

But the prismoidnl rule also applies to this wedge, and therefore 
to Ilie solid which remains after it is taken away from our original 
solid ; since all the areas enter the formula only by addition, ot 
sublractiun, wiili a common multiplier. 

Again, the solids occurring in excjiTations and embankmenti 
usnally have sloping sides (as shown by the dotted lines in figures 
154 and 165), instead of the Tcrlieal sides which we have used in 
our invfstSgation. 

But the solids to be removed to reduce our original solid to this 
form, are Ihista of pyramids, to which the prismoidal formula also 
applira, and therefore to the new solid in question ; for the reaeouB 
given in the preceding paragraph. 

We will take as an example an excavation of which a and a' 
Bre cross-sections, 100 feet apart. All the dimensions will be in 
feeL Inaeclinn A,Fig.l54,letp = 0«nd j = lo. In section a', Fig. 
165, Ietp' = 18,and 5" = 13. The sections have the side slopes, 1 to 
1, shown by the dolled lines, Tlie bottom v^idlh of each = 18. 

Then, the area of a = S79, and that of a' = 186. The middia 
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area, oblained from the mean of Ihe outside depths (i k (8 + 18) 
= IB, and i X (15 + 12) « 13..5) is 881.6. 

Then tlie coDlent of the boM by the priemoidal rT<b = 38,eG0 
cubic feet. 

The Bame rule can be applied directly lo " TAree-lenel proUTui," 
C e., ground given by rrosa-secliona, in which Uiree levels have 
betii taken, viz., one at Ihe centre, and one on each side at the 
points where the side slopes meet Ihe natural surface. The middle 
cross-section being obtained frotn the mean of the levels at each 
end, the prbmnldal rule can be at once applied. 

la the case of " Inrffvlar cmt-Kctiomt," in which the iQeqt;»Ii- 
ties of the surface of the ground liavc rendered it necessary to take 
more than these three levels, the rule will still apply after tlie fol- 
lowing preparation. Conceive a seriea of vertical planes lo paw 
through all tlie points on each cross-section, at which the trans- 
verse slope of Ihe ground clianges, and at which, therefore, levels 
have been taken, and to cut the other cross-section so as to divide 
the widths of the two prnportionaUg. 

Then the surfaces between these planes may be regarded as 
generated on our third hypothesis, and can tlierefore be calcalated 
by the prlsniaidul rule; since it has been shown to apply to the 
Burfaces of the first hypothesis, and these are kuown to be identi- 
cal with those of the third, Tlius, considering the grotmd on one 
side of a centre line, let one cross-section have depths of 0.00 in 
the centre, and 10.00 outside cutting. Let the other end be 8.00 in 
centre, 13.00 at four feet from centre, and 0.00 outside cutting. 
Let the half width of road bed be 10 feet, and side slopes 1 to 1. 
Then the vertical plane passing through the 13.00 level, at 4 feet, & 
quarter of the whole width (10 -i- fl), from centre, should cut the other 
section at one-quarter its width (10 -H 10), or 5 feel, from centre. 
The depth at this point would be 8 -i- 1 (10 — 6) = 7.00. This enahiea 
UB to get a middle area; iIsdeptUbeina;i(8 -I- 6) at eenlre,i(13 + 7) 
at 4 (4 -«- 5) fl-om centre, and \{i + 10) at the outside cutting. 

The prismoidal rule can now be used. A similar preparation for 
calculating can Ije applied to cross-sectious composed of any num- 
ber of levels. The labor is much less in practice than it appears in 
description. 
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If the riewfl hen prwented »boaId meet wia general accept- 
Bncc, engineers would be enabled to ec^nomiEe mucb time aod 
labor, ilnce they would no longer feel Ibemaelves ander the necm- 
nt; or taking their crotis-BeclionB ao iie*r logettaer that the gronnd 
between them should be approiimslely plane, but could take them 
as (ar apart m the )m>tuid raried unifonnly, no marter bow much 
or how far that might be. 

It is now proposed to compare the resnlti given b; this mle wilh. 
thoae obt^ned bf the usoal methods, and to est;ibliah fomiDlaa by 
which the Baiare and the amoont of the errors which these latter 
inTolve can be determined in advance. 

A type of the solids in question is reprcBenled io Fig. 166, as aa 
exCAvalion seen in perEpectiTC. Inverted, it will represent an em- 
bankment 

To simplify the invesligaUon, we will conceive the aide-slope* 
to be prolonged till the; meet, as shown bj Ihe brnkeo lines in the 
figore. The concIusionH at which we may arrive respecting the 
new solid thus produced, will apply equally well to the original 
one, since the triangnlar prism which we imagine added, is i 
men to both the solids discussed, whatever hypothesis we maj 
rig iM. 




ndopt respecting their npper surfaces. The additional depth k 
equal to the botljim width divided by twice the ratio of the base 
of the aide-slopes to their height, or to fi -^ 3 *, in the usual frym- 
bols. VfK will suppoee the original outside ieplbsp,q.j/,g',oS 
the end Berlions. lo be increased by ibis qimntity, and will call 
these new depths, P and q for one Be(:tlon, and p' and Q' for tha 
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Then the area of Ihe triangle which forms one end of the new 
(olid, 19 the diflcrencx between thi; trapezoid whose parallel sides 
are p and q, aud the ivo irinngloi wliich hitve P and q for their 
tltlludea, and i r and i q for Ihcir bases, aud is 



J (F + q) X (I I 



» q} - i p 



Similarly, the other end a 
liare the ouiside depths, i (p 



The middle seclion will 
p') and H^ + q'). ConsequentlT 



I 



1 X i (P + P-) X H<J + I") = i » (P + !■■} >< (1 + I')- 

The true coalent of tlie solid under consideration will then be 
ii [. PQ + «p' q' + 4 X i .(p + n X (q + <!■)] 

= isi(3pq+2p'q' + pq' + p'q) (1) 

We are cow prepared to compare with this correct result thoso 
given by each of the asual methods of calculation. 

I. The method of " flwj-i^inj; end iiiww" will first be examined. 
This considers the content of the solid to equal the product of Ilia 
half sum of its eud areas by its length ; i. ;., using the same sym- 
bols as above, 

W(»pq + *p'qO (3) 

The excess, if any, of the true conlenl above this, will Iberefora 
be obtained by subtracliog (2) from (1). It is found, after a Ultla 
rtduction, to be 

i « ( (p q' + p' q - p q - p' q') i8) 

The value of this expression is not changed by Lubstituting in It 
the original depths fur die increased depths (owing to its sym- 
metrical character), and it Ihen becomes, 

^iHpg' + P'q -pq-p'q') fa') 

We Infer from this formula, thai t?i4 true content er<xcd» the content 
given by " Averaging end areai" whenever P q" + p' g > p g + p' g',- 
i, (., wJienmer Ote turn of the products of Ifit pairs of depth* (or 
hagldi) diagonally opposite to each other, w greater than the eum (^ 
ffie products of thoie belonging to the eame oroas-teetioa. When the 
former sum is Ihe smaller, then the true result is the smaller. The 
two sums are the same, and the results therefore equal, only whai 
p = p' or } = q'; i. e., when the depths on one or the other aide 
of the solid are the same. 

BO well known, however, that the method of " averaginji; 
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" aittapi givps more Ihno the tnie conletit of a prismoid 
(bucIi ns a taperlog slick of limber, a niill-bopper, etc.), tliat there I 
aeems al first gUuce aa nppareiit IncoDeialcocy in ibe above slate- I 
ment. Tlic (lifficulry is ivmoti^, however, bj the conaidentlioB ' 
Uist our wurped-siirtHoe-Bolid is not a pmiiioid, although it la t< 
calcuUicd by ihti priainoi<lal rule. A snmewbat analogous case is 
UjDlnf Ha|)here,to which the priamoidalrulealso applies, as shown 
ill an in^^enious pajier by Mr. Elitvood Morris. 

II. The method of "Middle areas" will next lie takeu up. Tliis 
assumes the coniuat to be equal to the product of tbe area af tbe 

middle crosa-sccUoo of the solid by its lengUi. This coQlenl will 

Iberefore be expressed \a our symbols thus : ^^^ 

iW{i' + P')x(<i+q'V (4) ^1 

Sablraciing this from the true content (1), we obtain, after & ^^H 
little reduction, for Ihe excess of tbe former, ^^H 

Vi » ( (P <* + r' « - P q' - P' H) {Bf ^H 

For the reasons before given Ibis may lie written thus : ^^^| 

iV » ' (P 3 + i'' 9" - P a" - ?' 9) (S") ^M 

Comiwring this expression with (3), we see that we have merely '' 

to retwTM tiiu deductions lliere established; and that this n)cthod 
will give results loo small when the preceding method gave theni 
too great, and vice aria. ^^^^ 

Tbe absolute error, however, will be only half so great ; the oo- ^^^| 
efficient in (5') being only one-half so great as tliat in (3'). ^^H 

III. The method of " Equivalent mean heighla" (or depths) is ^^^ 
now to be esamincd. It consists (as is well known to engineers) 

in conceiving the given solid to l>e traoeforoicd in such a way that 
its top surface shall be a plane, everywhere level croasways at right 
angles to tlie length, and that tbe areas of Ihe ends (which have 
then become level Icapezoida) shall, at the same time, be equivalent 
to the original areas. The method then assumes that the content 
of this new solid (which is a true prismoid) is equal to the original ' 
content of the real sidelong, wsrped-aurface-solid. 

This is the method which it has long been customaiy to employ 1 
when perfect accuracy was desired ; and most of tlie tables andl 
diagrams for sidelong and irregul.ir ground are constructed on \ 
this hypotbebis. The question of ils correctness is therefore i 
important one. 
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H In Fig. 157, let A B c D be one of Ihe original end areas or 


■ crosa-sections, and let E t c d be aii area equivalent to it, but 


■ lerel on top, if in ex- pi^ ,„ 


^m cnvation, as liere, or b _- 


IcTol at bollom, if in ^--flf*^ 


•*^ 






lieptli of tills new V ^-rtur*^'*'^ / ^ 


crr.M-seclioii, is called -^irt'^*'^ 1 / 
tlie " EquiTslent mean' ^^ \ I / 


<J 


depUi" (or hei-hl) of \ 1 /'^ 








tion. We liave first to obtain an expression for il, in terms of 


the original side depths. 


The invest iga tion will be much almpUBed by the same concep- 


tion as before, viz., by producing tbu side slopes till Ihey meet, and 


CHltlng, as before, Ibe new outside depths p and q. The height, 


K L. of llie triangle k F t, is what is now wanfed. Tlie area of 


A B L was found on pngt! 375 to be J P Q. Tlien the area h F L 


= i X BLx ErsjK L*, being equated witli 8 p q, we obtain 


Mi,= y"?^ 


The equivalent mean heights for the two end arena will llien be 




their arithmetical mean. The corresponding middle area will be— 


i'iy^i^v^y 


Using Ihia middle area' and the given end areas in Uie pris- 


moidal rule, we obtain, as the conlenl of the solid by 'his method, 


iiriPii + iPil' + *(v'P^+ V^^') 1 


= i»irBp<i + 2p'<l' + a V^ilP'q' j . ... (6) 


Subtracting this from the true content (1 ), we find the excess of 


the latter is, when reduced. 


i'i(v^--V^)' m 


This eipressinn is alwnj's positive, whatever the value of p,q, p'. 






givei eonUaa alicaya lea thin the true imntent ; with one cicepiion. 




^^^^^H 
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Tiz., when Uie products of the pairs of heights dhgooally opposita 
to curb oUift arc cquQl, 

IV. Some engimcers have conceived the surface of the gnmnd 
lying bctneen two such crues-eectiuna »e ne have been discusdng, 
to be fonned by two triangular planm meeting in a line niDuing 
diagonally from p t/> g", or from p' to q (see Fig. 156), and thus 
forming a ridge or n hollow Bituated in tlila line.* But suck cases 
yrould be abnormal ones, and auch ground would not " vary uni- 
formly'' between ILe cross-sec tioas. We will, however, eiamino 
thU conception, as it will lead us to some interesting results. 

We will begin by Bupponing the solid to be bounded on its sides 
by vertical planes passing through the outer aide-lines of its snr- 
fiice, and to have its base pass through the line in which the pro- 
longed sidc-shipes would meet, so that the heights of ila comen 
will be P, ft, p', q', as in the preceding discussion. 

Let DOW the diagonal be cousidered to run from the left-hitnd 
oomer of the nearest end of the solid to Itie risbi-hand comer of 
the farther end ; sny, from the licigiil p to Ihe height q'. We now 
have 10 get tlic middle area. The middle height of the diagonal 
= i (P -t- <l')- Tlie middle widdi of the left-hand side of Ihe aolld 
= i («F'-»-i«'), and the middle left-hand height = l(p +0. The 
middle left-hand area is Iherefiire— 

)x J(.p■-nft')>'4(p-l-q'-^p-^p'). 

Similarly me get the middle riglit-hand area— 

= ixi(flP.^«(ij =■ i (p + q- -m -^ ql. 

The sum of these two areas gives the complete middle area. 
From it deduct the areas of the triangles on each side of the 
original solid. The left-hand one has ils height = i (p -i- p'), and 
Its base i times that, and Ihe right-hand one lias its heights )- 
(4 -H %'). a°<l 'IB i^Bse « times that. Using the middle area Uius 
obtained, with Ihe end areas, in the prismoidal rule, we obtain tba 
conlenl of the solid on the new hypothesis. Its expression may be 
reduced to the following; 

i*i(p« + p'<j' + pq') (8> 

Sublracling this from the true content (1), we get for the excess 
of the latter. 
i<.i(pq-P(i') (Q)- 
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If we next suppose the diagonal ti run in the oOiet direction, 
e., ttiioi q lo p', we slioll flud the excess of the true cootenl then 



itl(pq' - 



F'd). 



(10.) 



Hence, we infer that the error on either hj/pothttii it TiumerUaUi/ 
Viextme; l/Loughon oneineixesiamloa tht olh^rindtfeet; butthat 
the true conlenl ii the ureaUr uihen the product of tte !Uight4 icIUch U< 
diagonal joint ia leu (Aan the prodaet iff the oUier tito heighte ; and 

BomeexampleB wtl] show the practical bearings of the principles 
which have non been established. 

Ezample 1, We will begin with the solid represented in Fig. 158. 
It is an exHCI exeaviition a hundred feet in length, all the dimeii- 
sioas being given in feet. lis nearer end has the outside cuttings, 
;i := e, and g =: 15 ; end its farllier end has the outside cuttings, 
p' = 18, and j' — 13. The boUom width is 18. The side-slopes 
are 1 to 1. The areas of the ends are 279 and 486. The middle 
•rea^ obtained from the mean cf the outside depths, is 301.S. Then. 
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tAe tnu eonUnl oT Ihe solid, by tbe prltimoldnl rule, is 86,850 cabic ] 
feet. 

Applying (o Ihis example tlie melbnd of " ATernging end Areaa^ 
w« get a cDHtcnt nf 3S,3SO cubic feel, or 900 cubio feet loo litilc.1 

It 1b 100 litlk. becaiiBCt tUc tuni of tbe products of lUe deplbs ding- 1 
nnnlly opposite to cacb oilier ia greater tliaa llie sum of tbe producU I 
of llie depllia belouging to tbe same cross-sec lion. Tbe precise I 
deficiency is given directly by formulr (3'). 

The mettiod of " Jliddle areas" gives 39,130 cubic feet, o] 
cubic feet loo much ; in accotdance with formula (5'). 

The melbod of " Equivalent mean heigbis" comes next The 
formula on page 377, gives the "equivalent mean lieigUta" of tba 
two sections as S.9T;jeG and 14.81176 feet Tbeir mean gives a 
" middle area" = 376.65. Tbe corresponding content = 38,860 
cubic feeL Tbe deficiency is BOO cubic feeL The same is given 
in advance by formula (7) ; since we have (adding 6 -!- 2 « = 18 
= 9 to llie original deptlia), f = 15, q = 34, p'= 27, and q'= 21 ) j 
whence, 



«(v'i5 



The method of imngiDary "DiagODala" gives 33,300 cubic feet, i 
If we suppose the diitgonal to run from p to g'; i. 6., from 6 U 
thus foiniLug a hollow ; or 44,400 cubic feel, if it runs from p' ti 
i. a., from 15 lo 18, thus forming a ridge. The deficiency in thq A 
fbrmer case is 5550 cubic feet; and tlie excess in the latter ci 
the same ; conformably to formulas (9) and (10). 

Sxample 2. Conceive the outside deplbs of tbe farther end of I 
this solid lo be interchanged, so tbat 13 may be on the lefl, and 18 1 
on the right Tlic Inio content will Uien be 37,950 cubic feet. 

But " Averaging end areas" atill gives the same as before, ^ 
88,250 cubic feet It was leas than the true conti^nt in Ihe former j 
case, but it is now more, in accordance with formnla (3'). Ths ] 
" Middle area" method gives 37,800, or too little, while befnn 
gave loo much; this result being still in accordance with for- ' 
muln (5'). "Equivalent mean heights" give the same as before, 
and tiierefore still too litlle. 

EtampltZ. Conceive the dL'ptb ?', of Ilie solid of Example 1, to 
b* changed &om 12 to 15, ail tlie other dimenuoni remniniiif tl 
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same. Tlie new end area Is 567, nnd the true content becomes 
42,300 cubic fct-l. But g = q'. Therefore, according to tbe prin- 
ciples ealnbltslied on ^age 1)78. Ilie method of "Averaging areas" 
should givt! the Bnme result, and il dues so. 8o luo with th« 
meihod of "Middle areas." The method of "Equivalent mean 
heiglils," however, still gives too little, because p x q' b nut equal 
to f' X ^. On making the calculation (the equivalent heights being 
9.S736S and 13.21475), we get a content = 41,600 cubic luet, or 700 
cubic feet loo lillle ; and roraiula (7) gives the same result. 

Mcample 4. In another warped surface solid, let one end area 
have deplhs of IS on tbe left and 5 on the right, and the other end 
be B on the lell and IB on the right. Let the breadth of road bed 
be £0 feet, and the side slopes 2 to 1. The true content will (« 
8d,S33 cubic feet. Tbe " Averaging meihod" gives 35,000 cnbio 
feet; too Utile by formula (3'), because 

6 X 5 + 15 X 15 > 15 X 5 + 15 X 5. 

The " Middle area" method gives 40,000 cubic feet, an error in 
excess of half the amount of the preceding deficiency. "EquiT- 
alent mean heiglils" give 35,000 cubic feet; not enough. because 
p X q', or 20 X 20 (adding 20-1-3 x 2 to Ibe given depths) is not 
equal lo p' x q, or 20 x 20. 

£xam,ple 5. Reverse one of these sections so thiit both maj be 15 
on the lefl, aud both be 5 on the right. Tlje surface a then a 
plane, and the solid is a piiam with a uniform section of 3S0O 
square feet. For this solid all the melhods give tbe Mme content ; 
and thia is a final curroboralion of our formulas. The "Averag- 
ing" method ia now correct, because p — p', each being IS, or 
because 5 — g\ each being 5. The " Middle area" method is correct 
for the same reason. The method of " Equivalent mean heights" 
is now correct, because now p q = p' q. 

The method of " Equivalent mean heighls" which the preceding 
Investigation most particularly affects, seems to have been in- 
troduced by Telford, and baa since been atlopled without question 
by most writers (the present one included), jcAen ptrftd, acearacy 
' daired. The difficulty has been Ibe want of any heller 
standard than itself with which to compare its results. But if the 
positious which the writer endeavored to establish in the first pari of 
this paper be accepted as correct, this meihod should be at once and 
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entirely abandoned— since lu em»ra are not of Hie kind whicli 
balancv eacli oilier In tlie long run, but are always on the mhu 
Bide— since Ihcy are committed too witli a belief of lis perfect BO- 
curacy, and tlierufore la the moat iniponani and delicate cases— 

and SLDCc they may BOinclitucs be of serious moment, Ihe deQciencf ^k 

of the first example given being more tban 2J per cent of tha ^H 

whole Btnoiint ; no trifling item in a class of work wbkb on loma ^^| 

railroads is counted by millions of yards. ^^M 

Case IIL— " Three tewl" groTtnd. ^H 

This is ground wliuac surface la such aa may be &irly represented ^^M 

by the centre " lerel" and the outside "' levels," i. «., heights or depth! ^^ 

taken on the centre line, and at the " outside cutliogs" or " fillinga," 

vbicli are tlie lops, or bottoms, nf each ^ide slope. 

The areas are obtained by dividing them into triangles. 8m ^^ 

I Figs. ISO and 164. ^H 

A eommon mode of calculating la that of "cross STeragiiig,'* ^^M 

i. e., taking one-fouKb tlie sum of the outside heights and tnice the ^^| 

middle one, and using the HTerage as if it were the height of a level ^^| 

trapezoidal section. The areas thus obtitincd ova e\via.ya too great, ^^| 

For Fig. 160 it gives 71.S3 instead of 74.64. I^| 

TUf " T\iiiiun1pnr ¥npn.n hf'iirlil" is oflpn llnprl Bnrt Hiprp ur** ^^* 
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The " Eiiuivalent mean height" is often used, and tliere i 
tables for this, but this always gives loo small a content 

The true content is given by the PrumovliU Rule. See page 3S9. 

The height of Ihe ground above the grade line of the road on the 
centre line is called Ihe " centre cutting ;" and the heights at the 
intersection of the side-slopes of the cuttings with the ground on 
each aide of any siaiiun are called the " right cutting" and " left 
oDlling ;" abbreviated into G. C R. C L. C. 

In embankments, (he cnrresponding heights are called " centra 

bank," " right bank," and " left bank ;" usually written C. B 

R. B L. B. 

For greater accuracy, these cross- sect inns should be taken at 
every chain or less. If anabrupichange in the level of the ground 
requires a levelling between these regular stations, it is called an 

Ths following table presents vaiiaua examples of irregujar croM 
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MotJoDB The slopcB a 
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We will proceed to sketch and noie eacli ctosa-seciion, writing 
each height vertically in its appropriate place, and show how ita 
area is obtained bj dividing it into Irianglea, of which the base sod 
height are known. 

At station 1 tbe cuitiag begina, with an area ^0. 
Fig. 159. 



s: 



^ 



At Btatiun 2, Fig. 169, tbe aection is of iiniform depth, and it 
b himply (20 + 2 x 2) x 2,0 = 49. 
FiK 160, 




At station 3, Fig, 160, the lower Ie(\-hand triangle — 
10 X 3. 



The luwer right-hand triangle = 

Th. I.O ,™.i,i„g ,ri.„Bl„ = a.6x (6+in+io-HJl ^ ,^ ,, 



a therefore - . - _ 74.64 
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r,g. 181. 



6. X 20 X 4. 

At Maiion i, only iwo terels were thought neceuarj, i 

of the iiutside eullinga, without the centre one. To find the vem, J 

consider the Ggure oa a trapezoid, minus the rtg-ht-aogled triaoglw I 



Trapezoid = (6 + 2 
Left-hand triangle — — - ^ 
Righl-hand triangle — - — ^ 

Area of crosa-seciion, 



3. + 3. 



-13 



76. 



62. 



A simple algebraic expression for this area maj be found IbMi^ 
call the breadth of base i, the outside cuttings if and e, the ri 
■ide-alopes to unity i. The area will he 

ib + sd + JQ id + g) _s<P ,i? rf+e 



The above example would then be SO ) 
Fig. 1G3. 



1+3x3X9 — 50+^ 



ind 5, at 60 feet from the fortner, an interme- 
i made necessat;, hy the cutting " running 
B area, Fig. 152, ia only the single triangle 



At BtalLon 5, 40 feet farther, the cutting entirely runs out, and iufl 
uea al thai point becomes 0. The embankmeDt bad commei>ee4 M 



^v 
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360 
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IC 
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p 




^1 villi area 0, al the preceding intermedLal 
H tian it> area, Fig. 153, b^^!-— — 10. 


e station, and at this au 




^H At atatioo 6, the cruia-Bection resemblei that al slilion 3, in- 




f Flj. 104. 
6 X 10- X 10. 


X 11 






/.,.--'' ...... 


~^\. 




T~~ — 


^--^ 






ft tened, snd is calculated in the same 
H ItiaDKlea, us is shown In Fig. 164. 

^ Left-hand triangle - - '-^ 


manner by dlTieion into 
= 15. 




Right-hand triangle - — '° ^ ° 


= 30 




„ . , 4 X {6-1- 10-1- 10 -f- 12} „ 




two remaining triangles r— — 

Entire area. 
At Blalion 7, the -mbankment runs out 


8 

- = 121. 
and the area'-O. 




MEAN HEIOHTS 






To apply Ihe priimoidal formula to cases of irregular cmsi-ate- 
lions, it is necessary to calculate the mean heights of theaa crosa- 
•eclitms. lo be auhaequenlly arera^ed together lo fini! Ihe middle 
height; which produces ihe middle area. The following proW™ i« 
therelbre to be solved: Given the area of any irregular section, re- 
quired the mean height which would produce the Mine area, the 
base and slopes remaining the same. 






^^^^^H 
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Fig. 165. 



Let a repreKnt ihe giren area ; i the breadlh of base or losd- 
bed ; >, the ratio of aide-alopes to unit; ; and a the mean beighf 

tequired. 

Then a ^sx' + bx ; by solving which equation wa obtain 



Id all the preceding exa 
At elation 3, (P- 365) a 



°P'"'a-; = Q 



= :.o...= ^C-^%5.)-5-' 



VB-2.3 

will be found lo produce the original 
above expression for a. 



If this 



in height be Tetified, ii' 
iraa. Thus substiluling it in Lbs 
< 2.89'+ 20 X 2.89=74.8. 
A similnr prcx^ess will give the mean heights for Ihe remninin); 
i^ross-sections. They miiy then be employed, as were the uniform 
heighiB in the original examples, to find the middle heights, and 
thence the middle areas required by the prismoidal formula; 
as the values of g and h in the easier formtilie, whieh have been | 
therefrom deduced. 

In most cases, it will be sufBcicnlly accurate to lake only threa j 
levels, viz., ut the centre, and at the foot, or top, of each side slope. I 
The " Eqaitalent mean height" can be then obtained directly by a re- ' 
markably simple e^gpression, without previously calculating the 
area. Let e = the cut or fill at the centre, and p and q the oulsirte 
cuttings or fillings. Find the espression for the area, and put it 
equal to *x' + hz, as above, und Hie following eipreasioa will be 
obtained for the value of the mean height : 



/ (»p + «g 4 



■ e)- 



When the " distances out 
•bore expression becomes 



are given, calling them d and if, the I 



APPENDIX A. 

Case TV.— Irregular gnruiid. 

Thin is ground, such iliat its cross-secllon reqniKS more than 
three beigliis to be taken in order to represent ite Iransverse pro- 
file coiTcctiy. 

Usually, the area of such a croBS-seclion is considered to be di- 
vided Into iriangles, wboBO bases and perpendiculars are known, 
aod are always horizontal and verlical, and the sum of their areas 
fives that of the whole cross-section. 

The triangles are usually taken in pairs, as far as possible, the 
Teriical licighta being taken as the bases, and the horizontal dis- 
tances as the perpendiculars. The turn of the products are divided 
hj 2 instead or dividing each product separately. 

For esample, in Pig. IBS, commencing on the left, the email tri- 
angle has 5 for a base and 4 for a i)t.-rpendiciilar. The n 
cal, S.4 is a common base fur the triangles whose perpendiculats 
are 13 and 6. The next pair has a common base of 8.3, and the 
■um of the perpendicnlatB is 16. Bo oa for the whole croaa-sectlon. 

<, Tlg.itB. 



6x4= 20.0 



X IG = 132.8 

X 22 = efl.o 



6.0 it 



13.0 



2S9.3 

These end areas are then oscaLi.T averaged to get the content 

of the maBS bctu'ecn lUem. Tlie correct method is given on p. 353, 

Bometimes it ia impossible to take the second set of levels (thoss 



388 



APPZITDIX i. 



rm Ihe fioisbed work) oaclly over, or nnder, the first set Then 
And tlie area o( Guch cross-sectloos above some common datum 
Hnd take their difference. TLe corrrapoiidlng levels might be found 
bf proportion. 

Wlien tbe grouod is very intguhir and great accuracy is re- 
quired, lis Burface may be divided ioto rectangles or squares, and 
levels taken nt eadi comer of liieee btfore the cutting or filling ia 
made. Tbe original base linca are axes of ordinates, and are can> 
fully preserred. After the work has been done, levels are again 
taken at the same points. Then the difference of the two sets of 
levels, taken nt these points, will be Uie depth of the cutUng, or 
helglil of the filling. Tbe content can then be calcikled, either by 
combining the successive cross-sections, or by the method of trun- 
cated prisms. 

When the ground is very iiregalar in plan and in heights, aa 
In the case of foundation pita, etc, the method of cross-sections 
cannot be ctmveniently or completi^ly applied. Then the mass of 
earth which is to be removed (or added) must be conceived to be 
divided by various vertical planes into prisms generally truncated, 
or pyramids, and calculated by the familiar rules of mensuration. 



Case V, — Etcatation and Embankment a. 






Since the distances are measured along Ihe centre line of a road, 
on curves as vtell as on straight lines, the calculation of the con- 
tents will not be correct when the ground is not level transversely. 
When the cross- sections are taken at right angles to the chords of 
the curves, aa is usual, the content will be too great on the concave 
aide of the curve, and too little on the convex side. The two bal- 
ance each other only on level ground. 

If the sections be measured at right angles to the tangents at the 
points where they are taken, the results will be more nearly cor- 

The theorem of Guldinus applies here, t.0., "The content of any 
body of revolution equals its generating cross-section, multiplied 
by the length of the path passed over by its centre of gravity." 

The following formula for the correction, in excavation oa 
curves, is from Henck'a Field Book, Art. 130 : 
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Lft c^tcntre height. A=gTeatest elde lieislii, A' = 1eiisl side 
lieis.'ht, d^gKatest disUnce out, iT =: least dUuliice out, b^ 
breullU of road-bed, uid A^ridius of curve, to Bud tlie corr«c- 
liou, V. 

This corrccliiiu is lo be added when the highest ground is on 
the coDvei ude of the curve, and subtracted when the highaK 
grouod is OD the ooDcave side. 
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TABUES 

FOB CALCCLATIKG EXCAVATION A^D EHBANEMSyT. 

The Tables at iha end of this vdume are extracted from th4«e 
of Sir John MicaeJII, rereired to oa page 3S8. The numerals at 

the top and side of each la.h]e represeat the depths or heights of 
the cuuing at filling at its ends. The numhers in tlie body of tin 
table indicate the number of cubic yards ftir the corresponding 
depths, and for a loiigitudinil distance of 1 foot. Tliua, if the 
slopes ofa given cutting be I.J to 1, the base 30 feel, the depths al 
the two ends 3 and 5 feet, aad the distance between them IlW feel, 
find id Taau I. the numccal 2 in the side column ; follow out tbo 
horiiontal line correspondiug to it till it meets the vertical culuma 
under the numeral 5 in the top line. At the inlersectuHi is 3.31, 
the cubic ]r;irds for a distaaca of 1 foa-.. Multiply tht« by 10(1, and 
the product is the number of cubic yards required. 

The use uf such Tables is licniled by the inconvenieoce of 
roabing them loluniaous enough to euibrace every variety of slope, 
base, and depths, (tliough the fractional numbers uanling may be 
interpellated) but in the cases to ubich they apply, they unite lliq 
advantages of greatly lessened labor, aod increased accuracv- 

ir Diiich work is to l>c done for any base and side slope, not 
found in the tables, labor is saved and accunuy increased by 
Gftlcuktiujj; one lor then. 
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LOCATION or ROADB, 

1. IKanniitg lAe Boole. 
Ta> true bearing or Bzimath or one place Trom oaotber, whm 

the lalitode and longitude of eacli are given, can be found by 
spherical trignnnmetry. But if Ihe two places bo rerf distant, the 
"rhumb" or loiodroraic line between iJiem, i. «., the line baving 
the tame bearing Ihmughout ita length, will not be Ihe shortest 
distance. The arc of the great circle passing through the poiots 
most then be adopted. Ita bearing, i. e., tlie angle which it uiakea 
with the meridians wliich it crosses, wil) be conatontlj changing. 
Tliu», if one point be due west from another, the east and west 
line, r. B., the parallel connecting them, is not Ihe shortest line be- 
tween Iheni. For exampli.', calling San PVancisco due west irma 
Bt Louis, Uie shortest line between them by an arc ofa great rircle 
is about 9 miles shorter than Ihe due weal line fallowing the par- 
allel of tatilndc, and ntns about TO miles north of this parallel 
A similar diSereuce exists for every other tine except a due north 
and south line. 

Foi these reasona,in planning a long route, the positioo of points, 
rituated on the arc of a great circle connecting the extremities, 
should be determined in adrance by calculating their latitude and 
longitude. It would usually be impossible to follow this line per- 
fectly, but it should he approximated to as far as possible, aa ia 
done fiir a straight line tbr short distances, as on puge 82. 

Otlier coosid orations cause the line of a railroad to deriala 
from the shortest line, as in common roads, in order to obtain good 
grades, moderate cuttings and fillings, Qad to pass through certain 
ruling points on tlie line. 
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ll is nsniaily best to follow Uie valleys of the watei^coursw lying 
nearest in the directi<io of the required Ime, and In pnssiog from 
oae valley to aootber to select that pass which can be reached bj 
the most unirorra grade. 

8. UtamnoUmnce and Preliminary Buitxy. 

For long distances this may be executed bj delenniDing the lati- 
tude and longitude of the ruling points with a sextant and chrono- 
meter, and dcterminiog the heights by a barometer. 

For shorter distances the reconnoissance is conducted as explained 
on pp. 81 10 86, for common roads. More care, however, is neces- 
sary, owing to the greater cipense in building, snalaining, and 
"working a railroad. In the preliminary survey of the London and 
Birmiogham Railroad, Robert Stephenson walked over the ground 
twenty times— a distance of one hundred and twelve miles. 

8. Sarvey and Loeatum. 

The transit party usually goes ahead, and consisls of a chief, a 
transitman, two flagmen, two chainmen, and one or more axmen, 
according to the country. 

The line is marked out by the transit party, by placing a small 
peg in the line at every hundred feet. These pegs are driven so 
that their tops are nearly to the surfece of the ground, and then 
large stakes are driven near Ibem, to aid in finding the former in 
retracing the line. The number of the stnlion is marked on the 
large stake with red chalk. Sometimes the larger stakes are placed 
in the line, and the small " level pegs" are only driven at every 
five hundred feet 

" Reference points" are also located along the lino at important 
points, so that if the stakes in the line be lost, the exact point can 
be found again. 

Let o be the point whose position it is desired ti 
fix. Select four points as, a, b, c, and d (as per 
manent as possible), in such positions that Ihelinei 
AB Bud c D -will intersect at o. Now if the slake 
at o tie lost, it can be replaced by finding the inter- 
section of tlie two lines. The reference points, 
A, B, 0, and D, should be at such distances from the 
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line as not to bo disturbed In building the road. Any of th« 
mcCliods for determining tlie positinii of ti point cnn be used; aa, 
rectangular, angular, or polar co-ordinaies, but the one here girea 
is ({enerallf used. 

The number and size of the openings (drains or culverts) required 
to paas the water-courses under llie ruad should be carefully noted 
and abundant room given ; also the length and beigbt of bridges. 

The geological formation of the counlrj should be esemined, 
the nHiiire of the surface noted, and generally everylhing whict 
can affect the cost of the cnostruction and maintenance of tha 

A common form for the "Transit Notes" is the following: tha 
left-hand page Is ruled into five cotamns, wliich are beaded bb 
follows ; 






=e of Besrlng ol 




In the flrst colimin is placed the number of the Btatiou ; In tba 
second, the deflection of each tangent trom the preceding oue ; in 
Uie third, the degree of the curve connecting the tangents; in the 
fourth, the bearing of e^eh tangent; and in the fifth, memoranda 
of the thin!,'B spoken of in the preceding paragraph. 

On the right-hand page of the Transit Field Book, plot the line 
approsimately in the field, and on it sketch the topography, tha 
hilla, valleys, and water-courses, as nearly as possible in their tma 
places.* This page should bo niled iu squares. 

The notes should be commenced at the bottom of each page, 
so that when holding the hook, in the hand and looking along tha 
line, the line in the book will bare the same direction as the ono 
on the ground. 

TUo " leveller" follows the transit party, and takes the heights 
of the small pegs which thej have set. Be is assisted by a " rod- 
CroHs-levels" are also taken, to a greater or less width, 
according to the ground, in order to determine what will be the 
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effrcl, in the cuUingi kad CUiDgs, of moTiDg the line 
or ilie left In order to improve Its gr»de or curvature. 

The nioxC pcrfixt preliminary locMion of a line would be mule 
bj first makioe a topogr&pbical «urv^, and gelling contour tine* 
ov«r all llie surTace near (lie proposed line. This can be doas 
very rapidij witli a level provided with ex(r& " stadia liaira." 

Preliminary surveys being completed, plots and proAles are 
made ; curves put in so as to obtain the line of ensieat curvature ; 
ft grade line put on the profile bo as t4i nearly equalise tlie cutting 
*nd filling, and at the same time gel easy grades. (See p. 15t) 

Approiimale grade coutoiir lines may be obtained from the 
croM-secUc'DS thus : Knowing at eacli slalioD the relatire heights 
of ihe ground, flud where a horiconial line, paasitif; through the 
grade point at each station, perpendicular to Ihe line of the road, 
would intersect the surface of llie ground. 

Tills Is most easily done, if (he slope is taken in degrees, by a 
traverse table. Opening the table to the degree of the slope, call- 
ing Uie depth uf the cut or M the departure, aud finding ibo lati- 
tude corresponding lo it, which will be the distance of the required 
intersecliaa to the righl or left. Mark on the plul the places of 
these pouits of Inierseciion, anil draw a line through tliese. This 
will be a line on which there will he no cutting or filling, and may 
be called a grade contour line. 

The locaied line should approach tills its nearly as other con- 
Biderotions (curvatures, etc.) will allow. It should be a comprumise 
between this line and the straight lineL 

Grades m railroads should be grouped by brining the steep onea 
together and obtaining some uniformiQr of them over such a 
lengUi of road as would be worked by the same engine ; because 
BO one engine can advantageously work easy grades and sleep 



4. Oomparitan of Zine*. 

The ToriouB lines which have been surveyed and eatimuted, 

between two termini, are now to be "equated." One line may be 

■traighl, but have many grades ; another level, but buve stiarp 

curves, or be longer than the former ; and bo od. 
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In nrda lo &scen&in Che most ecnuomical Mac, we mnst del«r- 
mloe whal addilloaal disluices tbe curves or grades are eqaiv&Ient 
to. 

Then the sum of these distances being added to the measared 
distance of the BCTCrn) lines will ^re their eqaated lengths- These 
are lo be used in calcnlaiing the cost of working tlie road and Iho 
additional capital to which this is eqniTaleot 

In the following example, lo equate for grades, we will call eacb 
34' ascent eqaivalcnt lo 1 mile additional in length, Bud will con- 
sider 1000° of curvature equiTalcnt lo I mile of di&tanc«. To 
obtain tbe data for the later, the length of each curve in chains 
is multiplied bj tbe d^ree of tbe curve, and the sum of all thesa 
products gives the total curvature of the line. Thus; 




Ko.of 


B>dln>. 


D.!gr«. 


Length. 


TaOi 


1 

2 


1U6 
5730 


5' 

r 


1000 
4600 


60* 
48* 



Example. — Line A has 5 miles 24' grade, 6 miles IS' grade, and 
total curvature = 4000°. Line B has 10 miles 48' grade, 10 miles 24' 
grade, and tolal curvature = 1000". Tlie expenses of maintaining 
the road varies with the travel on it. Call it (1000 annually per 
nile of actual length, and find tlie equivalent capital at 6 per cenL 
The expense of working also varies with the trafic. It is pro- 
porlloaal to the equaled length. We will call it (3000 per mile oi 
this. Find its eqaivalent capital The last column Is the sum. 
of the three preceding columns. 



I 



i 


nrad 
LenKlh. 


Lenglh 


Edlmiited 


Cspilsl for 


xrr 


Totil 
Csplial. 


A. 
B. 


100 
BO 


113 

lai 


$1000000 
(3800000 


1606660.66 
1500000.00 


3733333^3 
1038333.83 


9400000.01 
9333333.38 
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Final LoeaUan.—The best line haying been chosen, it is then to 
be staked oat For grade book, see p. 140. Its oolumns 8, 4, 5* 
and 6 may be omitted. The side stakes fbr oonstraction are set as 
on page 457. The estimates are made as for common roads, witk 
the addition of the new items of raiU^ ties, eta, etc.; 
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BAILKOAD CUItTBB. 

A BAiutoAD curve is a portion of tlie road curved horiEODtallf, 
■o as to form an arc, usually circular, terminating at each end ia 
atraigLt portitina which &re tangent to it. 

A railroad citire is " deUmined" when its ilarling point, its 
radial, and \tE length arc known. When tliese have been obis iced, 
points in the curve can be fixed in varioua ways. Such points are 
aDf;lc« of a poljgtin whose aides are chords of the desired arcs, and 
appr^tximolfly coincide with them. 

Usually these chords are chains of one hundred fnet, and the 
angle in degrees which each one subtends at the centre, is called 
the "dfgra" of the curve. It equals the angle of deflection of each 
of these chords from the preceding one. The relation between 
this angle and the radius is important. 

Appro limaiely, and sufflciently near for the naual curves, tha 
angle of deSection in degrees = 5T30 + radius in feet 

Preeiaely: Sine of half the degree = — ^^ — . 
twice radius 

The subject is divided into two parla : — 

PART I. 
Qeneeal Problbms on CtntVES; or how to determine a cunre 
to that it shall fulGll certain conditions, t. g., 

A. To unite two given tangents. 

B. To storl from a given tangent and pass throngh a given 

C To unite a given tangent line and a given curve, etc., etc 

PART II. 

Methods op rukninq ConvKS when detbrminkd ; i, *, 
metliods for fixing points in Uiem; and transformations of the for- 



\ 



mulas of Part I. I 



it these different methods. 
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Cab a.— To xjumt two oiveh i/isajacr i 
net 




In bU the figures tiie sCardag point of the curve ia lettered A, 
, and it! termiDiu z. i is llie point of intcreectiou of the tangcati^ 
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uid D* is the angle of dcSpctloo of one (Vom the other, o b tho 
'e nf llie &rc. 
lis radius U therefore o a ^ o z ^ f. The equal tangents are, 

AOZ = ZIT = D*, IAZ = IEA = )AOZ = iD°. 

Problem J 

Oiven tieo interteeting tangmtt,a7id also the ttarting poinf, k,vnmu 
tfthtm, to find radtaa and length of curve. Fig. I. 

GraphicaUjf, on a plot. Bet off i z ^a i. At a and z draw per- 
pendiculars to Ihe respective tangents, and their inlerseclion will 
be the centre required. It wiJl also be In the line bisecting the 

When the lines are given on the gronad. Set off iz^al 
Measure az; mark its middle point, u, and measure in. Then 
from the dmilar triangles, AUi and amo, 




Tr^nam^trieall!/. When the Hues are given by their angle of 
deflection, then from the i-ight-aogled Iriringle, o a i, 



The length of ci 



57.3 



57.3* 



I 



Pkoblkx II. 

Qioen heo langentt, and also tfie desired radiut, ox, to find the ilarU 
tJiffpmtU, and length ofcurne. 

Grapkieally on, a plot Draw paralleU to the tangents at a dis- 
tance ^ radius. Their intersection will be the centre. 1 1 will also 



he in the line bisecting the angle l 
Hi ctdculaOon, when the lines 
are given on Ibe ground, Fig. 3, 
measure equal distances from i 1o 
T and n. Measure p q ; mark its 
middle point, e, and measure a l 
Thpn from the similar triangles, 
A o I and F u I, 
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Otha^eite, by trial. Fig. S 
tangent at tbe end of tbe 
curve i* psrallel to second 
tangent, i z, as o v at t. 
Measure T z parallel to 
flrGt tangent, A i; move 
the stwling point that 
distance and repeat. 

When llie llnea are 
given hj their angle of 
deflection, we have, 



D &om a random poiat,A',tn] llM 




1. 1 D°. Lenglli of 



57.3" 



PnOBLBM III. 

Qiv»n iitro inlerieeUag tangeiiU, and aito Oie dittance I cfi-om thLir 
intenectiiia to a point Uirough whieh the curce maft past. Beguired 
to find the ttarling point, /., rarliui, r, anrt length of earve. Fig. 1. 

Qrapliiadly. Draw a line biaecling aiz. Through c (at the 
given distance measured on the line) ilraw a perpendicular to It, 
meeting the tangents in b and d. Set off c b from b Io a, and iiB 
equal c d, from d to z. Perpendiculars at A and z will ijitersect in 
the centre, whir^h will also be in the bisecting line. 

By ealculation. Id triangle, a C I, 
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PROBLKSC rV. 

Oitrn fiM inteneeting tangertU. and aUo a point, p. thraagh tehidi 
thr euire mutt pott, to find tKe 4titrti!tg point, a, radiuM, r, ai>d length 
^ewrw. Fig. 4. 

Oraphieal/g, on Oie gnuiuL Fit 4. 

Bisect »gle at i. Through r 
draw s perpendicular lo bisect- 
ing line, intersecting langenta 
U H and h'. CouBtrnct a mean 
proportional between h f i 
r b'. It equals H A, since 
=V(HP>'Hp-)=^(HPxFn'). ' 
Tbia Rlvea a, and, ttiererore, 
gives I A, anil thence a o, by 
Problem I. 

On a plot. Draw the bisectrix 
of the angle, L Join i p. Through 
p draw a perpendicular, u r, to 
the nearest tangenL With u as 
a centre and uf as a radius, 
describe an arc cutting if in b. 
Join FR and h b. Draw po parallel to » u, and pa parallel to i 
B7. O wiU be the required centre, and * the starting point 

Bff oxidation. Measure or calculate the rectaoguUr co-ordi- 
nates, I V and F p, of the given point. Then we get, 

FA = FP, cot iD° ± v'[(PPC0LiD= -t-lF)'-lP*-FP'] 

AnalytieaUy. Given angle, i i z, and the poult, p, by re 
co-ordiuatea Irom i, p f and f t, to find f a, etc. 

AF = *P=-v/(0P' -<>«•)= -v/[*0'-(*0-''P)'] 

=1 y'(3 A O, T P — F P'V i 

By Prob, VI. (or by mensuration), 




1 = ^(2^1- 
By Prob. I A0 = 



-&').o 



1. jA 



E=[AF 



F I) tl 



- F P'). 
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Bubslitnting A o in Ihe above ; 

Ar = V[37p(AF + Fi)tao.li-Fp']. 

af' =2fp, AFlan. 4i + 2 fp.^i tan. i I — »f'. 

A F* ~ 2 p p. Ian, i I. A F = 3 F P, F I, tan. 1 i - r p*. 

AF = PP, Ian, ii ± v'tSFP, Fitnn. ii — fp' +fp' lan.'^i) 

A F = P p, Ion. i I ± ■\/[(F P, tan. i I +■ ri)' — w i*— w t*\. 

Note to Case A, Prebt. I., H., III., and TV. 

When Ihe intersection, I, of Ibe Ungents is ianccesaible, d" and 

t must be C!Llcul.itcd. Fig. 5. Prom a, run oneor more lines to meet 

Uie oLher tangent at Bomc point, aa w. Tlien Uie desired angle 

■t t is obtained by subtracting the sum of all the interior angles 

Tig. S. 




from two riglil angles, taken as many times, less two, as the figure 
has aides. When llie lines art run by trayersing, the reading from 
w to z at once givea d". a w is calculated by latiludes nnd de. 
partorea. Thea lA, in the triangle Aiw, is calculated by trigo- 



AppuNDix a 



CAJB B. — To iTART 



TASORNT AMD TAM 



Oitten tkii langent and point, z, to . 
and length of rarre. 

GrnphiaiUy on a ploC At z make 
an angle a z i ^ z a l Draw per- 
pendiculars at A and z, and their 
interaeclions ia the centre. Olfiencitt, 
draw perpendicular at A, and make 

By cakulaiion. There are two 
sub-caseg, according to what the 
data are, 

1. When Ihe point is given by its 
polar co-ordinates, as t a z and a z, 

We have. t= „,;--— 




I 



Length of curve ^Sr ,_„ ■ 

Angulariengtliof curves AOZ°^ 2 TAZ. 

Conversely. Given radius andT A z, to find Al. Az = 2PBln. TAB. 

2. When the point is given bj its rectangular co-ordinates, tiIi 

AT ^ X, audT zs=y. 



Length of c 



57. 



Angular length of curve, aoz = 2taz. 

The direction of the final tang'ent at z, t. e., its deSection TIE 
from the first tangent ^ A oz. 

JVofo. — To calcuiate the rectangular co-ordinates of a point of a 
curve from various data. 

1. Given llie polar co-ordinates, 

«^AT^AZCI18.TAZ, y ^TZ ^AZsin, TAZ. 

2. Given the angle of deflection of the tangents, and radius of 
a = A T = A sin. D, y = rz=OACl — coa. d) = 3 o a fein, 1 vf. 



APPENDIX a 
n radius and lengtb of laogenL 



Then, fsf(l +C08.D"), andy = i.Bin. Aiz=at. tin.0'. 
4. Given the radlua of curve and lla leDgth, 

radius 
Then Bppiy the second case. 

Finding the rectangular co-ordinates of the end of a curve, 1* 
equivalent to finding how far tlie curve wili depart &om Its flnt 
tangent, and what point of lUat tangent ita extremity will he oppo- 
aite to. 

Problem VI. 

GiB«i Uiit tangent and point, a» in Prob, V,, and aUo l/ie radiiu, to 
find llis itarting potat, length of tangent, and length of eurtx. (Fig. 8.) 

When the point is given hy polar co-ordinates, change Uiem to 
leclangukr co-ordinalea by the preceding formulas, i. e., find T« 
■nd the position of t. 

Then, 

Length of i a and of curve are ns in the last prohlem. 
Conversely. Given radius and tangent, to find t z. 

TZ=OA- V(oi■-AT');or,y = 7■-v'(''-^)■ 
CAIE C— GrvBir a tanqkkt line and a cdkvk alheadt kdit. 
Pkoble.u VII. 
Ciwn the radiui, r, and ^'s. T, 

Itagth, I, tf a eurve; required 
(he radive, ¥ , of anodter ciirce, 
A b", or a' z', wAM ihall ilarl 
from (ftd lame tangent, and pom 
at a giten dintance, z z', from 
Hit end of the first currm. 

Preeiiel}/. Fig. 7.— Find the 
reclangular co-ordinates of z 
dnd then of z', and Ibcn npplvJ 
Froblem V., Case 3. 

ConTtriely. Given the two 
curves, a z and a i', or a' i'. 
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lo find Ihe distance (ipart, z x. When they start 

When they do not, add a a' (with proper sign) lo sf, und use the j 
>mn Tor z' tn the formula; z' and g" are llic co-ordinates or e'. 

To find the AirteUon uf the distance, z z', i. e., the angle s* IIT, ^ 
WO have. 



_ y~v' 






LZ-ZTS 



Reckoning thia nngle around tkim s w, to the left, sa is usual, till J 
trigouomclric iigaa will determine the quadrant in which z b' lies, J 
and therefore its absolute direction. 

Approximately. When the curves are of the same length, of larga J 
radius, and do not diverge far. 

Fbr the genenU jiivtittm. When the curves start fh>m the e. 
point,*. 



r-sr 



using the plus sign when the curve a : 
tangent Ihnn does a z, and fice jieria. 
When they start froiii different points, 



± arzz"' 

ve A z' posses farLher Dram Ilia ! 



Converidy. Given the two curves lo find Iheii 
When they start from the same point. A, 



Gken the radivi, r, and Ike length, I, of a eurve; r^uirtA Af 
ratUia, r*. if another eurce, tekMi tliall tiart/nmi the tame tangtia ol 
A', and meet the first imn>e at a point, z. 

PreeUely. Find the rectangular eoMirdinates ol I, and then 
apply Prob. V., Case 2. 
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ApprorimaUly. 



This is Iroiu tbe approsimalion In Prob. VII., by making e ^ k <X 
PART IT. 



FniBT UETBOD. 

By " tangential angU»;" i. e., angU» of dittrgeneefrom laiigentM. 

From the Btarting point set off, with b iransit or a compaM, 

eqoftl diverging sugles, each subtended by equal chords; v A, 

Fig. 8. 




ctiaiDB. After determining npninta, go to Ihc last one, sight batk 
to the first one, and deflect froiu tbe chord, z a, an anglo equal la 
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that already [unied ; i.«.,iab. You are Ihec poinliog m the tan* 
gem z r, wliicU may be prolonged as a laogent, or used to coationa 
c as at first. This ia the method uiost commonly nsed. J 
f let it be required to run a four-degree curre ibe I 
five stsiions, commencing at a, Fig. 8. Then the angle lobe turned 1 
off each lime ia two degrees. Tbis ii caJli^ the "taujceatial an- 
gle," and U represenied by S. 

Set up the transit at a, with tlie telescope pointing toward L 
Turn 2* to the right, and fix tlie point b in the line of eight at ■ 
distance from a of 100 feet Then turn 2" more tc the rieht, and 
S\ the point c in the line of sight al a distance of 100 feet fhim b. 
So on for any oumber of slalions, turning 2° each time, and filing 
the BtuiioD in the tine of sight at a distance of 100 feet livm the 
preceding one. To get on the tangent at z, set up the transit at 
u, with the telescope pointing to a. Turn to the right 10° (tho 
number of degrees deQecled from A i), and the telescope will then 
be pointing tu i, along the tangent iz. It frequently happens that 
the entire curve cannot be run from a. Suppose it la desired to make 
a changing point at D,sct upat d with the telescope directed toward 
A. Turn to Iho right 6° (the whole number of degrees deflected 
from the tangent), and the telescope will then be pointing along the 
tangent at D, and the curve can be prolonged in tlie same manner 
as when slartlng at a. 

When the " tangential angle" contains some odd seconds, keep ' 
account of Ibem, and when they amount to a minute, add it in. 

When a curve does not come out just right, i. «., to some point 
z', instead of z, some engineers, instead of running it over imtil it 
does, win move z' lo z, aud the other stakes s distance jiroportional 
Ici tlie square of their distance from the slardng poinL Tiiis is a 
tolerable approsimation. 

NOTATIOH. 

fi* = " tangential angle" by which the curve is run. 
23' = "degree" of curve =; the angle subtended at the centn 
by achord of 100'. 
e ^ length of one of the equal chords, usually 100 feeL 
n := number of chords in the curve, 
r ^ radius of the curve. 



i 
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Chord and mdius tnu 


tbein theflftineunilofnioa. 


urc. 


tt.z = nB 


'. d' = AOZ = 2hS'=l2 


AC 


TlMleDgthorihoo 


lire in n cboiAe = ' = 


-^ 


Ifnhavea/nuiion 


the curve will end witL s ' 




■ simil&r OactioD of a 


whole chord. 




FCKDAMBKTAL THEOKEMS. 




Sin, S 


ar: ♦■ 28m.« 





With hvndred feel chords, approiimatay, 

_^ _2865_ 

This is near enough for currea of large radiua 
Far any other chord, e', and a corresponding taogeotial angle 4". 

Bf this formula loug chords maj be used when more convenient 
Fw ihorl eliordi, appraximal^y, 



A curve whose chords are of a 
minules and seconds, may be rut 

nsing another chord, e', given by, c 



I equal length, and t has odd 
will! 5' in even minutes, bj 



PROBLEMS. 

The enunciations are as in the " General Problems," Part I., only 
substituting " Tangential Angle" for " Radius." 

Case a. 
Problem I. 
0-iren Iteo interucting tangents, and alto the starting point on on» 
of Ihem, i.e., giant D' aitd t, to find S . (Fig. 1.) 

sin. S =c '^"; i^ , and angular length of curve = 2 n fl" 



XFPBITDIX a 

Froblbm II. 

ffiMn tieo {nUrteetiTig tangents, and alto the lang&ntu^ arigle, i d.,j 
ffieen d" and 3", to find t. (Fig. 1.) 



( = 



<j±^ 



Probleu IIL 
Oiven too intertecling tangents, and dim the diilanee /Vaffl (to'l 

tertex to a point through which Hie curtt mast paa, i, e,, gistn o' 
1 c, to find t and S'. (Fig. 1.) 



tan, i d' tup, j o' 



., and( =10. cot in*. 



-, and ic=: I tan. i D*. 



t IV. 

Oiwn tieo inleneding tangents, and also a point Ihrovgh wTiich Hit 
turve mv»tp(ws,i. e.,giten D° and the co-ordinates of p,Ui find S' and 
II. (Fig. 4.} 

Find r A and a i as in Qeaeral Problem lY. 



Casb B.— To btakt from j 

THROUOH A a 



Oiten this tangent and point, and also Uie starting point, (Pig. 6.) 
1. Given A z and i a z, to flad S' and i a. 

Oonveraely, A z = o — : ' i - . --. 



^^B 


M^H 


■ 
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8. Olyeu A T 


= I, and T E = y, 10 find S' and a i. 


J 


^'"-*° = ^i^"^'**'=^- 


1 


Coaariely, 




1 


«v 


PaoBLEK VI. 


1 


Oiom the tangtnt and poini, ai in Pi'obleoi V., and aim &' 


and 


Tt.tofi)ldAT. 


(F!k. 0.) 




ConTertdy. Given h" and a t to find t i. 




Radius = - 


Case C. 

rROBLEM VII. 


■ 


GiTtn 5", n, 


and z z, to find S". (Fig. T.) 


■ 


Aeeui-aiely. aa 


in Gpncral Problem VII. 


■ 




, z b' being in feet, 


■ 


(S"' = 3=i 


.^^I'j, and conYeraely,zz'={5= =c fi-)^'. 


- ■ 


WlieD Uie curves start at a dialance apart = A a' (In cIiiuqs), 




-=? ■ 


PnoBLEa VIIL 




GiT^n 6\ n, 


avdki!, to finds-. (Fig. 7.) 




Accurately, aa 


inGenemlPioLleraVIIL 






V-H-AA'/* 

18 




^^^^^^^^^^1 




^^^^^1 
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By " nhard anfflei," i.e., aiiglai !•/ dffieaion from ehordt. (Fig. 9.) 

Turn i° nnd llx b ns in tbe firsi. melljod. Set up at b, and turn 

S5* fyom A B prolongad, aod flx c at a distance of 100 feet from b, 




and so go on any number of stations, tuniing 3 S° ttara eacli chord 
produced. To got into the tangent at any point, turn &'. Find 
6° aa in Ibe first metlind. The defect of tliis method is the fte- 
qucnl setting of the iuslrument. 

TUtRD METHOD. 

With iiio tmraiU and no chain. (Fig. 10.) 
Bet tlie transits ftt a and z. Turn the telescope of the former to 
I, and liiat of the latter pj^, j^ 

to A. Then deflect equal 
angles in tbe same direc- 
tion (to (be righl), and set 
Rtnkes hi the Interseclions 
of tlip corresponding lines 
of sight. The principle 
ig that the vertices of c 
series of ectuat angles 
constructed on 

chord, will all lie in the arc of a circle. Oiyen llie chord, tlie 
angle to be turned is found as Id the Qrst method. 
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rocniTf usmoo. 

With a lextanl; r^flMiay the aagU in a tegment. (Fig. 

Given A t and i a z i cirlier od ilie ground or calculated, 
tlie Ecxlant (or olliirr n-flcctiug inslrument) lo tlie aupplement of 
I A z. Move about till |)oli!a ut A aud z (sreo, one by direct 
vision, and llie oilier liy rcflecli'^n) appiiar lo ciiiii'iJe. Drop ft 
plumb line from the eye, ntid it will fix one point of tlie curre: 
Repeat this at as many polals of Ike curve between a and z as ars 
deRired. The prindple is, Uiot Uic angle between die Ungeut and 
chord at any point of a circle is equal lo the angle inscribed in the 
segment, and equal to the supplement of the angle inscribed in 
tlie original segment 

FtFTfl METHOD. 

Bif terud rinet. For the method of running the curre, aeo 
pp, 140 and 141. (Figs. 04 and 05.) 

Let e ^ veraed sine d b, 
e = chord AK = ir. 



1 

lated. Bet ^H 



Vfheno 
iyPr<.b.I.« = if 



SAilan. ^Ai2' 
For a sub-chord a', the versed si 
Hence, when a' = i c. b' = 1 r, 
To find, approximately, intermediate points, 



-(7)-. 



BD=A 



AppToximabihi. 



n. K A D ; or 

= \S° and S 



= \v. 



SIXTH METaOD. 

By dejkdion dietancei from chori* produced, or dovMe terted 
tinei. (Fig. 9.) 
Let d represent one of the deflection distances, as C r. Then 
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A bIs prolonged until bh^a b. Tbe Srst slatioo, b, is set I13 
" taogent defleciioo," y b, from llie tangcnl, Ai. Fni=|ac;i. 
• tangent defiocliou is bnlf a chord deliecllon. 



/ offietifrom tangentt. (Fig. 11.) 




1. Bxaeily. Given radius, □ a, and distance on tangent, i 
find o^ct from tangent, k 13. 

KB = An = ,— VC^'-AS'). 
a. Approxinmtely. 



Calling A K ^ A B (whicii it h approiimately), we liare, 
_ A k" _ tangent' 
■*■ "^ ~ ~2"oA ~ 2 X nidiUB" 
Wlien Ijingent ^ tV radius, tlie error of tlie approsimntlcHt fi 
.000013 radius = yiiinr radius. 

When langect = \ radius, error = .00051 t = n^ r. 
= i " " 0.000 r = T+r ^ 

Required, length of tangent niiich will niaiie the chorda ab, etc., 
even chains. 

Siu. iAOB = ^— . AK = nii = OAsin.AOB. 

WTica (he offsets become loo long to be set off with accuracy or 
ease, or when the tangent deTialea from the desired carve to fkr 
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I 



u to fell on ImpTttClicablH grouud, "auxiUarg lanatrUt" aidy be 
used. 

From A points have been fixed to b. A new tiingenl at b ia Ue- 
lircd. Prom a set offa distnnc*. a 0, to be cnlculaled by a formula 
giren below, c B produced is the desired new tangent. Set off 
from )l offsets ns before. If llic gmuad prevents A c being set off, 
act nff A Q, and produce a b as before. 

To get a new tangent at D, set off B E ^ A C, and B D produced 
is the third tangent required. 

Or, set off K B OQ first tangent prolonged, and prolong k d as 
before. So on for other points. 

o B X B K rad. X 06*801 






-otl^et 



HO rad. — offset 

These fiirmulag are derived from the similar Iriangles^ o 

EBO, CHB, BHO, BCO. BKE, and B K Q. 



By Ordinate* la Chr>rdt. 




1. To pill the mUidk oTiUiuile \,"i). 

A. Given, the tangents on the gronnd. 
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A E biaecta cad. Hence, d e : e 



Anil 


DE; I>E + BC :; AD : AD + AC; 


ot. 


DB : DO : : AD : AD + AC 


U«Dce, 


- = ^J^o = - 


Also, 


DB:EO::AD:AC::C08.0A1 



D K : D B + K C : : C 



= DE = 



3. O A B + 1. 



B. GiveD, the radios aad chord. 
oa' =AD' + Do' = (ic}'+(oB — DB)', or, r' = ic'+(f— aflf 

3 >■ m = i c" + m'. 
Hence, m = r- ■</(>' ~ i C). 

Approximately. In Uic eqnalinn 

2 r m = i c' + m', 
neglecting the lost term in (he accontl member (^hkdi is jtxf 
small in railroad curves), we bave, 

_^ 
*" 8r 

C. Given, radius and chord of half the arc = &. 
From the umilar triaagles, k a d and a o u, we have, 

AO: AM( = )AE) :iAB: ED. 



D. Giren, radius and tangent 

DK=DC — CB = DC— (oc — OB) 

Hence, iiB = in = DC + AO— ■y/{jiO^ + ac'). 

E. Given, the " tangential angle." 



= ie 



i-ifi'. 
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2. To fin I inttnnfdinit ordlnalet, (Fig. 13.) 

LetD Q, tlm UiBiaQCC or ihe foot or the rcquirea ordinate from 
the middle chord be representfid Fi^. ta. 

by/ 

The required inlermediaW ordi- 



«B will find F a. aud a h 




Hence, 

1(01. + OK) 

= (r-.ifl)(r + i<!)+r'-4A 

Hence, o h = y'(f' - 4 e" ). 

Then, FO = ■^{T' -f')~ .^/iT' -\c*). 

■ Approximately. (Fig. 14.) 

riff. u. 



^ p ^^ 
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Omit tlie sublrahead, as very email compared with R N, and m 



COMFOTTBD CCnVEB. 

A tiogle arc of a circle uniting two tangents, miut meet tbem at 
equal distances from their point of intersection or Terles. If it be 
required to unite two tangetils tiy acurve meeting them at uneqoal i 
distances Irota the vertex, a compnnnd curvn must be employed, i 
compoHcd of IKO or more arcs of circles of different radii. 

A fundamental condition is that, the centres of the two adjoining ' 
arcs and their point of meeting, must He in the same Btmlght 
tine ; since these area roust have a common tangent at their point 
of meeting, 

Au infinite number of pairs of ci 



s would s 



satisfy the preced- 
ing conditions, consequently, another conditluu must be iiitr[>- 
duced. Tills may be that one radius shall be given, or that tha 
difference of the two radii shall be a minimum ; or their ratio « 



Froblrh L 
/( ii rehired that die ratio of the two radii ihall be a 



Analytitally . 
two tangents, i 
correspondinj; radii 






tangent will be pamllel to the line a 
and If be tlie f]^. 15, 

z;randr'the 
p' and 9> the 



angles comprised by Ihc curves, or their 
angulU' lengths ; and a the angle k\z. 
PuU 

f»=^t' + i:'-2t. t.co^. a.) 

Then, 

, . {^ + ( - C)- 



ac .1 



.{■m — l + f). 
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i) H required to mak4 the diffcreaoe of Vie heo radii a minimum. 



r" =e . 



l.i«- 



Lia 



= 90 - 



FnoBLEU IIL 

When one radixu i» sittn tojind the other. 

By (onttruetion. Draw perpend k'ulnra at a. and z. Set otT tha 
fiTen radius on each of lliem, fhun K to snmo point, o, and froin z 
to sonie point, p. Join O p, and bisect it by a perpendicular. This 
perpendicular nieeis ilie perpend iculnr froni z in o'. o and o' are 
the desired centres, and the (wo curves will unite on tlic line 
tlirougU these points. 

AnalytkaUy* Let a z, the anirles i a z and i z a, and tlie radius 
AO = r, be given, to find the second radius r'. 

From A run a curve with the first Fig. m 

radius lo d, where the tangent, D K, 
becomes parallel lo zi. The Hue, 
I D, prolonged will meet the curve at 
n tangent point, C. 



When the angle at z is grealer than 
Uie angle at a, the Tormula becomes, 



In the field the point, d, may be found by laying off the 
angle, iAD = i(iAZ + iza), and measuring the distance, a o 




BEVKRSBD CURVES. 

o branchea of llie curve, insteail of both lying 01 
* From Heiick'a Field Book. 
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aide of the common tftDt^eot, as hi " Compoond Cmrcs," 
oppOMie Bides, it a called a " Reveraed Cmre." 




Frobleu L 

When Che langenU are parallel, and both curvet are to have lAt xtmt 
mjtuj, to find the radius, t. 

When the tangenls are parallel, the point of reTersed cnrratars 
!■ on the line joining the tangent poinls; and if the tworsdii are 
eqnal, it is tbe centre of ibc lino. 

Iict Uie distance a b, Fig. IT, be represented bf a, and tbe per- 
pendicular distance between tbe tangents, by d. Then we bave, 

'"id- 



When the tangenlt a 
the other raditu, ¥, 



' paraUel, and one radiue, r, i* ffiren, to fiitd 



Pkoblsk III. 
When the langenU are no( paraUel, and both eurtiea are 
mmt Tadiut, r, the tangent poinia being given, (Fig. 18.) 
sin. B F c 
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> of the langtnti, r, it 



Pboblbk IV. 

men the ianijenit an not parallel, and e 
gixn, to find Oie other tangent, r'. 

Bun viih Uie given radiits to Bnme pnlnt, D, where the laofrenl, 
B B, is parallel li> * b, and then apply Pri»b. I. To find n, Iny off 



= iB 



i-ia 



To lay out a compound, or reTereed eurre, ran lo the point of 
common tangeocy of the two brandies of tlic curve, by one of Iba 
methods given. At that point get on tlie tangent, And tben nu 
ont the remaining branch in the uautil manner. 
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Omtral Prineiplei. 

Wb Lftvp to determine: lal, Tlie coal of the row maleriHl; 2d, 

Time employed in working on it ; 3(1, Price of a uoit or tliia time. 

1. First Cod. 

Tliis varies witli the locality, demand, etc. The waste in sha{»- I 
ing a materinl must be allowed for. In common cnl slonc it is ' 
about I'll ; in conTerting round tiuibur to licwa, about i. 
a. Time. 
Tlie lime in which an average workman will perform a certain, 
amount of work of any kind, ig called the " ConiCanf' of labor tot 
that work, it being nearly the same for all timea aud placeifc To 
get the cost of that work it is ooly oeceasary to mulliply this con- 
Blaat by the price of labor for that unit of time. 

AFFLICATIOH TO BOAD-MAKUfG. | 

.\. CnnManU for EacaDalion. 

Tiie table on page 128 gives for one cubic yard of excavalion, 
previously lin.si inid, including Ihrowing, for common earth, 1.2S 
horn's to .83 of nil hour; loose and lighl earth, 1.25 Lours ; mud, 
1.43 hours to .63 hour ; clay and stony eartb, 2.5 hours ; rock, tiSua 
blasting, 4.5 hours. Oilier expcrtmen Is for "hard pan," 4.2 liouni 
compact sand, .43 hour. 

The table on page 128 gives for excavating earth, and loading It 
into barrawB, n constant of ,43 hour, and fur excavatmg and load- 
ing il into horse-carlB, .8 hour. 

Cole's Erie Canal Expi-riinents give ,47 hour for barrows. A 
man has shnvtlled into a wagon at the rate of .4B hour. Tho 
coDsiants from the bollom of page 125 are for shovelling inu> » 
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c&rt, CBrth previoiisly loosened. Gravel and cloy, 1 hour; loam, 
S8 lionr; iandy eHrtli, .71 bour; nvcrnge for all, .6 huur. 

Excavating clay tow-patli and depoaiiios It bclilnd Itie bulk, 1.8 
bcnn. 

B. Barraie Work. 

Constant for wheeling 1 cubic yard 100 feet ; 

1. Page 126 gives, for common carlb, from .G lo .3, — avcrsge, .4 
hour, 

3. Page 128 gives, average .44 honr. 

5. Biniiinghaiii Railroad, pngc 133. gives .34 hour. 

4 Morin says one man ciin wLccl 400 lbs. (=: 3 cubic l^t), 
90,000' in 10 boors. Constant per .41 hour. <No return.) 

6. Gauthey snya remnving I cubic metre a distance of 30 metret, 
lakes .5 hour: coiislfliil per yard for 100' ^ .38 bour. 

G Erie Canal worlc witb barrens boldingi'xcubic yard; wheel- 
ers travel 250' per minute, on a level run ; delnys slartiug, etc, i 
minute. Constant per yard fur 100' = .375 hour. 

Work of loading into a bnrmw anil wheeling common earth, the 
fiiliowing lengtli of run-way, for a day of 10 hours, on the Erie 
Canal ejilargement : 



I 



LaiUiih. hi foci. 


Cubic 


hoiir»,petiard. 


WtlperdB)'. 


50 


1(1 


0.025 


0.35 


100 


14 


.71 




150 


v^ 




8.33 


200 


10 


1.00 


10.00 


800 


H 


1.25 


12.5 _ 


400 


7 


1.438 


14.28 


600 


6 


1.67 


10.7 



The above table gives a constant of .24 hour for each hundred 
feet after starting. 

C. Wagon Work. 

Average performance, on 10 miles of the Erie Canal, of the men 
Id loading wagons, including picliing, and loss of time In waiting 
for wagons to tome in, etc., was, per day of 13 liours: sand and 
loam, 15 cubic yards, constant, .9 liour; clay and gravel, 13 cubic 
yards, constant, 1 bour; hard pan, i yards, constant 3 houra; stiff 
clay (earth of H men.), 10 yards, constant, 1,S hours. 
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Six men win work lo bcsl advntitage in loading wngona. Tliey 
con nil a wngon containing } culiic yard iu 2 minutes. Unioad- 
Ing and other delays talie 3 minutes, and 100 Tcet at eacli end Tor & 
torning space sliould be ndded to tlie lianliog dislunce. The liorscs 
travel at alraut ttie rale of 21 miles per liour, or 230' per minute. 

Work dnne in a Any of 10 tiours, hj a pair orLones, workiogon 
ft level road, wilii a common wagUD : 



100 I 200 I 500 1000 15002000 300015000 



Uisiance in Iwi i 100 200 5O0 100015002000 

Cul)ic ynrds iier diiy 61 53 40 2t 31] 1T[ 
Con81nntpervHnl..l0.10 li.l».ll) li.l0.2-i li. | | 



Up aslope of 100' per mile (= Vs) only J as mucL can be drawn. 
Tip a slope of 300' per mile [I in 20), only i as much can be drawn. 

D. BaSieas/ Work. 
Work done on a rail track with borsee kept constantly moving, 
and hauling on a level three loaded cars, containing H yards eacb, 
al 2i miles per lii>ur. 
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A limiting dislance for any mode of transportation is thai at 
wliich that mode becomes more expensive Ihan some oilier mode. 

The first means of moving earth very short distances ia by throw- 
ing it wilh the shovel, which can be done 12' horizontally and 5' 
verlicaily. For twice that distance two men may throw twice, 
and so on. The scraper Is cheaper for more than 13'. 

For long distances and heavy work, rails should always be laid 
on which one horse can draw several cars, which can be dumped 
where desired. 

There is a certain distance at which the various motles of trans- 
port become succeflsively more espensive than some other. This 
Ihnit ia heat found by putting tabular teeults of experiments In a- , 
diagram. 
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The ayerage of many experiments give the followfaig limitin g 

distances. Men shovelling to 24' in two throws. 
Scraper, ... . thence to ICXK 

Barrow, ** "200 

One-horse cart, . . " ** i mile 
Two-horse wagons, . . " ♦* } •• 
Railroad with horses thence to 11 miles. 
Railroad with locomotive for greater distances. 
The horse railroad should bo used for less distances, if the amonoft 

to he moved is largo, which will also effect the preceding limits. 
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When the depth of an excavaiioD passes beyoad a certaia 
liinil, it becomes cheaper lotuoneL To delermine when lo cbanga 
from open culling to lunnel ; let e equal the L'Ost of cxcAvalion 
cubic yard, (equal the cost of the tunnel per r^nuius foot, b equal 
llie base of the excitvatiun, t equal the ratio of the side shipea, and 
e the unknown deplli alwhicli the costs of excarating and tauad- - 
ling are equal. Tbun we bavo: 

Cross-seciion of excavation ^ s (5 + »sc\ 

Couteuts for one running foot := z (A + s x), 



Coat of running foot of excavation = 
" " tunnel = 



37 



27 



£'x,=t 



vs 



-37 ( ^ 



"4W- 

A somcnbat greater depth than tbat deduced from the formuls I 
would be arrived at before beginning to lunnel, because of the n 
certainty and delays of tunnel work. 

jDi'm^nwoBS.— Width from 2i to 30 feet (for double track), height 
from 18 to 25 ferL 

The Mount Ceuis tunnel is 3Si fl. wide, 20 ft. 8 in. above the 
rails, and 7 miles 1044 yds. long. There is no shaft. The depth 
of tunnel below the summit of the mountain is one mile. 

Tlie diaiEnsions aduptpd for the numerous tunnels on UieOentral 
Pacific Railroad was : width IG R. , height 19, consiBting of a ri 
an^lc at the bottom 10 x 11, and a semicircle at the Lop, Id ft, ia 
diameter. 
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The Hixiaic tunnel is to be 34500 fl. long. 

LaifiiigtUmoat.—Tiie centre line Is first set oat on Uiesurikco 
' of tlia ground nlih grent accuracy. Tlien tbe line is carried Into 
Ike adils anil down tlii; slmfU. 

Coiiflraelion. — Tlie wiirK is commenct'd wlili a "heading" or 
"diiftwBj" about ft. siqiwre, sometimes ttl the Imltom, and aomo- 
times at Ihe top. la solid melt it in better to carry in the heading 
at llio top. Tliisdrittwny is afterwiinl enlarfccd to tlie full cross- 
section. Tunnels iu earth or loose rock are lined wilh limber or 
masonry. 

When the tunnels are long, shafts are snnk at convenient places 
In order to expedite the work. From tlie builum of the shat^ ihe 
excavating is carried on both ways, the earth being raised la 
bucketa. 

The ueunl dimensions for shafls are IVom to 12 ft. in diameter. 
If rectnngulnr, about 8 x 13 ft. It is recommended by some to 
carry the shaft down at the side of the tunnel. Instead of over the 
centre. Somelimes tbey are iiii practicable, as nt Mount Cenis. 

When the malei'inl to be exoavatcd is rock, blasting becHimea 
neceiwary. See page 160. 

Niirci-glyceriiie is extensively used for rock blasting. Much 
more rapid progress can be mnde with it llian witit powder. The 
drills used are smaller, fewer boles are required, and tlie rock ia 
broken into smaller pieces. It is much k-ss expensive, and if 
manufactured on tlic ground wlicrc it Is used, and handled with 
proper care, it seems no more dangerous thnn powder. 

Al Mount Cenis Hie drilling was done by machinery, worked by 
air, which was compressed by water power near the tunnel. The 
compressed air, after doing its work, was discharged from the 
machine and served for venlilnlion. 

Tbe alignment inude tlie tunnel Is secured by wooden plugs, 
inserted into drill holes in the roof The exact centre line Is 
marked by tacks, driven iuto the plugs, to vhich a piece of cord 
is fastened. 

ProffTeia. — This depends on Ihe rapidity wilh which the " iiead- 
Ijig" or '■ driflwny" can be pushed forward, as Ihe " bottom" C«a 
be taken out much more rapidly. It varies from 2 (t per day in. 
hard granite, to 10 or 12 (1 in soft rock aud e:irth. The slowness 
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of tliB work la due to the lack of ronm, «nd Ibe disiidvantage of 
working (igHinsl tlip face of llie rnck. 

Cosl. — In ilie Uiiiled Siatfs tunnels cost from $3.00 per cub. jii. 
In aati skte to $7,00 in linrd grnyn'ucke. 

On tlie Baltimore and Ohio lliilroad the Bvemge coat per cub. 
yd., without coiioling the shafts, was $3.60, the length being from 
100 to 1200 f(. Will) tlie same material, eicaraliona iu the opea 
cutting coat about oue-fourth as much. 

The Beigen tunnel for the Erie Railroad is 4300 ft. long, 23 ft 
high, and SB ft. wide. It coat about $1,000,000. 

The Summit tunnel on ihe Centnil Fucilic Itni^road woa 1659 fL 
long wilh one ahal^ and cost about $19.00 {gold) per cub. yd. witb 
powder, and $10.00 with nitro- glycerine. 

Id England tunnels for single track uaually cost from $35.00 to 
$75.00 per running foot. Some have cost as high as $150.00 pw 
running foot. 

In cartli the mere escaration is a small part of the cspenae. la 
one Bngliah tunnel the coat of excaTating was only about ono 
fourth as much as the propping and arching. 

The principal difficulties met wiih in tunnelling are want of 
TentilatiOD aud drainage. Headinga can be di'iven but a few hun- 
dred feet before artificial ventilation becomes necessary. The air 
being confined is soon rendered impure by the respirulioa of tho 
men and the smoke of the lamps; and after each blast the smoke 
of the powder would make it imposaihle to continue tlie work for 
some time. By forcing air through pipes into (he heading, the 
smoke ia at once driven out and pure air supplied to the men. 

When a tunnel enters a hill on an " up grade" there Is no diSBr 
culty about dritiuage ; but when the work is on a " down grade," 
or from Ihe bottom of a shafl, the water which collects in tliA 
working must be lifted in buckets, or pumped out 
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General Principle. — A body is to be supported o 
■Ible space. Its weic^bt is a Torce acilog vertical 
supported only by the ac- 
tion of two oblique forces, 
or pieces supporting U by 
tlielr resislance to compres- 
eiiension ; .-. «.. by 
acting 03 struts or lies. For 
esnniple, Figs. 1 and 3, 
Every metbod of suBtuiniDg a niRterial point in space may bo 
rednced to Uicse two. A beam combines an inSuite number of 
pairs of struts and pairs of lies. 

A series of points are usually supported, as in Figs. 1 and 2, at 
loch distaucea apart thai a beam resting on two of them will 
Bupport tlio load between them. The combtDations supporting 
tbe sevornl points form a truss, tbe lieam beiug nature's truss. 

Weigtibi to li£ eypporled. — The greatest possible load is a crowd 
of men. Equal 70 pounds per square foot A drove of cattle is 
40 pounds per square foot. A double row of the heaviest loaded 
wagons, with horses, gives 600 pounds per running foot. Culling 
each row sis feet wide, we have 50 pounds per square fool, A 
heavy freight train weighs half a ton per running foot A row of 
engines weighs one ton per running foot. If the track be double, 
of course the weight and tbe slmin will be double. 

The wi'ight of the bridge itself, is the first thing to be dctennined 
In proportioning a bridge. The weight of a good, singip-traclc 
wooden bridge, per running foot of span = 0.3 ton gross (invarl- 
ir A span of 150 ft (the latter Item increasing aa 
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llie square of tlie spxn), + 0.8 ton for ilie Increase of the weight by 
Tclocli}-. Tilia U TrnutM'ine'B rule. Tliua tijr a spna nf 150 feelj 
we witi bave : wei^lit ol' bridge = 150 k (0.3 + 0.15 + 0.3) a 
100 X 0.75 ^ 11I2( grvst to:is = 1G30 pnunds piT running fooL 

For two liiindrcd Teel span, llie second item ia obtained tlios; 
150' : 200' : i 0.15 T : 0.223 T. Hence, wcigbi per rauniag foot 
ia 0.8 + 0.223 + 0.3 = 0.822 T = 1850 pounds. 

An Erie Cimal farm bridge of ei.i open panels of 72 feet Bpan, 
contains 10 cubic feet of timber per running fooL One of 43 feet 
■pan contained Ibe same. 

A double road bridge over tbe canal of 00 ftet span contailw 
22 cubic fi-el of limber per running fool. ' A railroad bridge of foot 
panelii of 30 feet span contains 20 cubic feet per running foot. One 
of Lung's bridges, 100 feci long, contains 42,000 feel B. M., or 35 
cubic feet per running fooL A McCallum'a bridge of 300 feet span. 
coQtnine 50 cubic leel of limber per running foot, or averages lOOO 
to 2000 pounds per running foot. 

Iron iruss bridges weigli tVom 1000 to 3000 pounds per nini.iBff 
foot. Wood wtigha from 30 to 60 pounds per cubic foot — avei'sge 
40 pounds. Cnst iron neighs 450 pounds, and wrouglil ii'un 4S0 
pounds per cubic fuol. 

In calculnting bridges, assume some appro t:imate weight for the 
bridgp, and after determining tlie necessary sizes (and conGequenUf 
■wciglitBJof the dilferenl pails, the calculations sliould be agai& 
made, using the weigbt of the bridge juat found. 

Claisiflcation. — Biidges will be here classiQed ; First, As to tlieir 
material: As wood, stone. Iron, or brick, and these aubdirided; 
Becondlj. As to tbe manner in whicli Iheir points are supported, 
viz., Tiabeate, Arcuate, or SuspcosioD. 
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BRISQES. 

Tralieale. 

The simplest form of a bridge is a plank. Next to it is a pair (t% 
timbers wiili planks crossnise upon them. For a hasty bridgfl,'! 
tn'o trunits of trees with smaller trunks laid across them. 

In calculating bridges of ibis kind, the timbers are considered to J 
be supported at both ends and loaded uoilbrmly nilli th$ greatel^J 



Id which w Tppresenli 
and height in inches, i 
by experiment. For c 
; for while pin 
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load Ihal can come upon Ilipin. To determine the weijlit any 
giren hcnic tn lliis cundili'in will benr, or the »ze ncces^ry to 
bear a given wright, we have the formula, 

ilic breakiog weight, A and h the breadth 
the lengtli in fL-ei, (ind » a coefBdent fouiiil 
^mmoii Americnn linilier i varies (torn 300 
! it is 410 ; for while oak, S80 ; for tama- 

nck, 300; for hemlock, 880; for red pine, 510; for while aah, 600; 

for liichory, TOO. The safe load niny be taken at ^ Ihe breaking 

When H span becomes loo lODg for a siDgle beam, " corbels" are 
used, as in Pig. 3. The alraio on them ia 
like tliat of a beam fixed at one end and 
loaded unifurmly. They may be slrenglhened ; 
by struts. - 

A series of fiuch bridges resting oa simple -L-|- !-^p 

piles, is kiiown as "pile bridgiag'' It is llie -i— i-^ 

usual way in wliicli railroads cross sliallow waters. When higli 
■IjOTE the water Ihey are called " trettle work" hridgea. 

Pig. 4 shows the arrangement of tiie piers for the railroad pile 
bridge across 1 lie South Platte. The 

piers are placed sixteen feet apart. '_i 

There are four piles about one fo.it 
In diameter in each pier ; the 
middle ones being S feet apart, and 
the outside ones 4i feet, Swny 
braces, 3" x 10" and U feet long, 
are bolted to the piles. 

The greatest trestle bridge is the 
Portage Hish Bridge. It is 800 feet ' 
long and 190 feet high. Contains l,60n,0&0 feel E, M, of wood, 
and 109,000 pounds of bolls. 

G^mparaim eo»i of trends work and earlh work. For five feet 
high, trestle work costs four limes as much as earlh work. The 
Portage Bridge coat only a quarter that of earth work. The cost 
of earlb work increases nearly as the square of the heights. The 
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(Mat or trestle work increases oAtruf as the f power. Haking th* I 
heights ihc absclisBs, and tlie criC ilic ordinates, tU'^ curre far the I 
eartli wortc will be a common parabola, and toi treatle work ft ] 
BcmicubicaJ parabola. 



Clabs L Tht oiiigve pieai all retiit compicMton. 

1. The weight is traDsrerred to the abutments directlj. 

2. The weight is tnusrerred to the abutmeats indirectlj; h 
Long's, Howe's, etc. 

3. Combinations of sub-classes 1 and 2 ; as Latrobe's. 



Class IL The eUique pUca all n 

1. The weight is transferred to the sbutments directly ; as BoU- 

2. Tlic weight is transferred to the abutments indirpcllj', being 
conveyed to the oblique ties by vertical posts ; as Liavtlle's, etc 

S. Combinations of aub-classesl and 3 j as Fink's. 



Class XII. The<MigutpietuarealUrnaUiyemnprettedandt:^€ndid. 
The weight ia IrausfeiTed to the abutments indirectly; as War* 

Are/ied Biidgu are polygonal modifications of Class I. 
Sinpentioii Bridget are polygonal modifications of Claaa IL 

Class I. T!ie oblique pieeei aR regitting eompremoa. 

1. Wlicn the weight is transferred to the abutments directly, ai 
in Figs. 5, 8, 7, etc. pi^ ^ 

In Fig. C, the middle point being sup- 
ported, twice the spun can be obtnined with - 
the same slrenglh of Ijeam. One-liRlf the - 
wfighl is borne by tbe struts. In calculating 
■he atmin on a pair of struts, as a sand a'Bi 
loe etfecl is the same, whether the weight "^-^ 
rests directly on the top of the struts or is suspended beneath 
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CALccrLATtoxa 

Construct & parallelogram, liavlng for one diagoonl a line B r, 
representing the number oTunita in tlieweijjbt, Fljt-B. 

and liBving its eid(.-e parallel lu the eliula. u 

Tliese sides will represent Uic Btraios on lUo 
bcnms to v;bich lliey are panilltl. Let t 
represent llie tlirust in Uip direction of their 
length, A the horizontal thrust, and w the ^ 
wdglit Then we hare, 

IT : ( 

Sbb : 




Hence, t = iv - 

By almilar triangles, 



„!!nfi = 









Any change In the obliqoily of tlio beams incrcnses or dimin- 
ishes tlie strains, as can readily be seen from the formulas. The 
length of the l>eams has no effect on the stresses, but the strength 
of a l>ettm decreases as its length increases. 

NOTB, — Safe loads for wooden posts, whose crushing load {■ 
6000 Iba. per square inch. 
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a Fig. 7. Bitch p^r 



If the poil is not sqaare, lake the ratio of the length to tbe 
■msllest dimensioD. 

Two poiola may be iupponed in siwce, u 
has one long and one sLorl strut ; we wi 
cslculaie one pair scpnralely. Ltl tbe pair : 
the Ittl be represented by Fig-. 8. 

Let Ihe wt. = 1500 Iba. Let each incli of z 
the dlngoDa] represent 500 lbs. Let tl 
of the beams = 100*, Uie one making itu ^ 
■nfle of 60° ivitli tbe vertical, and tbe other ~ 
■n angle of 40*. Required tlie strrtin on tbe 
two beams, A Band AC. (The Fig. is not drawn 

1. GraphicaOy. Set off on the rertlcal 3", 
ani] romplele Uic parallelogram as before. Tbe - 
proportions of the n't. l>ome by b and C are, 
respectively, a a = d n and a B ^ D o. Wlien 
B and c are at different heighta, to find the portion of the wL borne 
by eacb, draw the lines, not lioriwintal, but parallel to b C 

2. TrigonomelrimUy. 




Hence. 



Subslituling these values in the formula, 



= 1500 X 



,:w-='«»' 






1.40° 



= 1500 X . ^ _ „,„. 
9ln, tJO 

Resolving these slrdus into Iheir verticul and liorizontal c 
ponenis, we shall find that llie horizontal pressure of one nf the j 
beams exactly equals that of the otlier, whatever be the difference 
of their inclination to the vertical, and that the sum of the two i 
Tertical componenia equals the whole weigbL Tlie nnmerical 
calculation of these components is made as before trigooomet- 
rically. 

When tbe span and heights of tbe itrutt, and hence their lengths 1 
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we given, wc hare mnre Blmply: flie weight supported at cither 

end = w X — --, * . 

wuule b|ian 

TliBl id the Weight Bupiwirled at b = W x — ; 
Weight supported at C ^ w « — ; 



^rlzontftl tiinisl =iveiglit o: 






Ineipnd of supporting Ihe tuo points by two paL 
Pig, 9, iu Pig 7 we may em 

::3 piny In (I sinils, nml a 
ining beam Fig 
^ Tht. calcidftllnna are tbi. 
s for Fig 12 J 

Four points niiiy lie f'i 
Biippoi'led in n similar 
manner by two pairs of struts and two elralning Iicanis, as In 
Fig. la 

This principle may be extended In great spans, but long limbera 
are liard to get and are weulter. A bridge at Wetlingcn, on iLis 
plan, boa a span of 897 feeL 

In mntiy crises, supports from beiow may l>e objec lion able, as 
exerting too mucli ilinisi against ibe abutments, and being liabla 
to be carried away by Iresliela, etc. The beatna must in ■ncli cases 
b:; Blrenglliened by supports tVom above, as in tile following class. 
E. When tlie wfiglit is ti'susferred to Ibe abutments indirectly, 
bting conveyed to llic oblique struts by vertical ties. 

The simplest form of this clnsa is a pair of ^^^ jj 

ttnits, Fig. 11. The calculations fur tliia are 
the same na for Fig. 6, 

liridges built on tills plan can be used on 

railroadF tor Bi)ans of from 10 to 2a feet. 

For longer spans (say up 10 35 fed) two 

struts and a struinlng beam may be used. Fig. 

19 
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Calnilationi. TVilh loads w and w" on c and o", the BtrcMM art 
mn'.ogiHiJ lo Fig. C. Consider the apword reaction a 
wlilcli nrc each equal to ^g_ 13. 

W. Tlien, the Iriaiiglc, 
A n c. give 




produced upward 
. point, as in 



Suppose the load on a a' to be unirnrm, hdiI supported by rods, 
Be and b'c'; a a' not lo tic continuous, but to be divided at 
B and b'. This corresponds to tbe weiglit on c and c' in Fig. 13. 
If Ihe beam, a a', be continuous and level, llien ii w is on BCand 
bV, flnd ^''d on A and a'. This is safest to take.beinj; greatest, 
tboiigb it is not generally done. In either case, calling w' Ibe load 
on B c or b' c', then Ihe horizontal thrust on c c' and the pull oa 



■' i ^-;; = i ™ 






= iwS^. The thrust 
" rise 

If a similar load wete on lop, tlie 



stresses would be Ihe snme. 

When a bridge of this form is reversed the Biresses remain the 
BAme except Uial Hie former stresses of compression have become 
extension, and vice versa. This arrangement may be extended to 
any number of panels. It is preferable for materials, like wood 
and wrought iron, because tiie shortest pieces arc expoBod to 
presaioQ. A large number of points may be supported in the 

Sujjpose a uniform load, Fig. 13. 

w, on a lieam, a a', Pig. 13. D K D' 

EftCh post or vertical tie 
BttpiMirtB I w = w'. The 
itnitB, KB and e 

stress sz^w' 
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from Fig. 8. Tlipy produce ■ horiaiDlal strain at K *nd on b b' 
= i w' — . The weigUt on o or d' = w' + J V = | w* (i w* 
being iransfcrrcd [him e). Cousequenllj, DA ftod d'a' liaye a 
stress ^ } n' — . Tbpj produce a horizontal slrain on D d' and 

A a' 1= ) w' ^. The horizontal strain B b' = the Bum of the two 

hori^ntat slmins = (1 W -H i W) 1 '^ = i w t^ = I w H^. 

Bo proceed fur any number of panels. It will be founil tliat 
tlie strains un tlic posts nnd on the struts incrcnsc in a direct ratio 
to the distance from the centre. Tlieir strength and size should, 
tliererore, be Im^reased in the same ratio. The strains on the lop 
and bnltom benms increase lh>m the ends to ihe middle, but not in 
a direct ratio. The increase is mnei rapid as you proceed from each 
end, and becomes less rapid on approaching the centre or middle. 
It is analogous la that of a solid beam, in which latter case the 
rcIaUre increase ia indicated graphically by a parabolic curre. 

The usual formula for the horizontal stress on a lyame, caused 
by a uniform load (1 w -^-y). tupposea the weight to be uniformly 



applied at the ends of the strut 
over the roadway. This is tiie 
number of panels; but is not 
ber. For eiample, with th 



= iv 



for five panels ^ w —. — 



1 well as distributed uniformly 
1 in Oamcs which have an even 
with those of an uneven num- 
panels, the horizontal stress 






"8* 



and generally for r 



panels (n being i 



I panels 
in) 



We now see that all truss bridges are composed of three sys- 
tems or sets of pieces : 1. Chords or stringers, horizontal, or nearly 
BO. 2. Ties or posts, vertical, or oblique. 8. Btruts. 

With tliese three elements bridges may be constructed of sc7eral 
hundred feet span, and bear wifely a. load uniformly diGtribnled : 
but unless very heavy iLey will not bear safely a partial load. 



Couitttr-hroffiiff, A. bridge UDifurmly loaded tends to nssums 
tlie fiirm fndicftliMl by Fls '*• 

doited lines In Fig. 14, 
In wlikb the rectansiilw 
ptneU becnine rliom- 
IkiUIb. Tliis tctideocy is 
resisted by (lie stnita wliich must be coniprcBsed or broken before 
tblt iCTidency can be cariiod out. 

But let a puEBing load be at Bome pnlnl, c, <it the bridge, bdng 
Buppnrtcd finally by Ibe points a and b. Tlie directions of its 
pre-^Biiro Hre CAond cb, and the force, c a, tends to make the 
bridge rise at d, and to yi^, ,b. 

a.'Bunie ilie fori 
by the broken lines 
Fig. 15. The s 
not mist this action, for 
Ibey now occupy llie locg 
diagonals. This tendency maat be resisted by fastening the ends 
of 'hb struts tn the chords, or putting tie-roda beside them, or as is 
most usual by eimnter-lrriieen, i. e., braces placed in the other diag- 
onals of the panels. The bridge cannot now rise as indicated 
in Fig, 15, without breaking or bending tliese counter-bracea. 

Tills counter-bracing, Iheiefiin', checks the up-nnd-down Tibra- 
tions of a bridge, and renders it slitT against piunn^ loads, while 
tbe mala braces gire it strength to bear nnifurni loads. In very 
heavy bridges their weight may render counter-bracmg unneces- 

The strain on a counter-brace equals the greatest weight which 
can ever press upon any point of the bridge, multipllf'd by tba 
length of the counter-brace, divided by Its height In a railroad 
bridge this greatest weiglit would be the load on a pair of ilrivera 
of an engine. On a common road bridge it would be the grealeat 
load between a pair of posts. This sysieni of counter-braces was 
first fully carried out by Colonel Long. 

long's DltlDaB. 

The jolnls and fastenings are simple, Ihe strain on the timber 1> 

direct, and any piece can be easily removed and replaced. Ail the 
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principal nicrc* «rc of limber. In very long spnus, siruls (Ciillpd 
mrcli-bnicra) arc plarcd under tlie ends, iiud s rnoC Iritsa la tlin 
middle of each \rass, or a pair of struts and a HtrainiDg beam 
tHoag tack side. 

The peculiarity of Long's bridge is in llie mode of keying Iho 
coaolei^braws. TLoy are keyed or wedi{ed so strongly Uiat the 
string-pieces are constantly pressing against tli em, and when a load 
comes on the bridge its only effcci is to relieve the counler-bi-ace* 
from the precaure againsl tbem and In transfer it to Ibc main bnacei. 

Thus there a no more strain on Che bridge nlien fully loaded 
than when unloaded; only the strain Is on different parle. Tlia 
effcci of this mode of keying ia the same as if the string-pieus had 
been originally curved upwnrd, or arched, and tben brought down 
Btiaight by weights hung to them, the counter-hraccs then xred^ed 
tight, and flnnliy the weights reiiio\-cd. 

X load now coming on the bridge puts it in tlic same conditkm 
as it was beiore these imaginaiy weights were removed, i. e., it 
takes the strain off the counier-braces. There is, therefore, a coo- 
Gtant pressure which makes the bridge very stiff. 



I 
I 



Howe's bridge. 
In this an iron rod replaces the vertical [xist These bridges are 
very generally i^sed, but ai-e not durable. The expansion and con- 
traction of the rods strain the bridge <ml iif shape and require con- 
stant si-ren ing up. Extra struts at llie end are usually added, 
sometimes extending (o (he abulnieut under the bridge. An im- 
proved form of angle block ia now used to prevent cmehing the 
iower chord by the uuL 

^ JfCALLUlt's BBEOQK. 

Its peculiarity is that the upper chord is arched. The ends are 
also strengthened by struts, or " arch-braces" (so called), Ibfusting 
against the abutments. Tiiis bridge is very stif^ but uses much 
timber. Altogether it la one of the very beat railroad bridges. Its 
counter-braci-B are adjusted by screws. Sometimes iron rods sra 
added near the snda, so as lo suf^nd that part of the bridge. 
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Utbosb's bridqk. 




In this bridge twosjatems are combined : riz., tbst of longM 
trsn&ftrriog Uie weigbt directly; and UiBt of siruu and tic-roda, 
transferriDS Ike weight indirectly. The adfisttbililT o( an; SQcli 
OombiiiatioQ b qucslionabk, owing to iLe tmpossibilitrof so adjust- 
iog the two tbat ttie; »hall bear tlieir exact proportioDs or Ibe load, i 



Ct.US II.— rSe oUijii* j/kca aU rtMM « 

This B rarely used for wooden bridges ; cbieflj for iron bridges. 
Eall'a and PtaU'a bridges belong in lUia clu&s. TLe prindple U 
good; tbe shorter pieces being compressed in wLich way timbers 
Tceist most adriintageoiisly. 

In calcolnling Ibe ttresses on obliqne ties, we apply the same 
fcrmolas as for strnls. The strain la now one of extension instead 
ofcompressioo. For a pair of lies, the horizoDlal strain produced 



hy a weight, w = 



= i w 



-, and the i 



. cadi tia 



ilcprtssiim 

Clash in. — The eiiique pitu$ are altemaUty compress^ and atendti. 
The weight ta transferred to the abntments indirectly. 
In the preceding forms the ties were Tertical and the atrntiiii' 

Fie- 16. 



A 



dined. In Fig. 16 both tiea 
and strats nre inclined. 
The stresses, however, fol- 
low similar laws. With a 
imlfunn load, w, such as its 
own weight, the Tertical strain increases unirnrmly from the middle, 
■where it equals zero toward the end where it equafe i w. At a^ 
IVom cad, or if' from middle, it equals w ■. The sli'ainon any 

diagonal whoge mi<K!lo is :c" from tlic middle tit tlie bridge 
n" length of diagnnal 



— . The horizontal strain at (he cen- 
y point b' from middle or j;" from end, 
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-, (timioUiiing from the ci 
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It = ^ X *" ("P"" - J") 
S spnti X drplli ' 
io Uie rntio before eliuwn tiy a parabolic curve. 

WlicQ tlie loads arc npplicd nloDg the lop or bottom, or along both. 
The dUtance z* and x", in Ibe preceding fomialna, nre mi^sured 
to Lhe lops of the diagonals, when the load la altacbed lo Ilie Iwl- 
tom of Ibe beam; to the lower ends, if it be on the top; and to 
llieir middle, if Ihe load be equally on the top and bottom, as its 

Bridgea of iLia form are called "Triangular girdera," or" War- 
ren'a,'' or "Neville's." If ilie number of oblique pieces bo doubled, 
then each sustaina half the above strains. 

tows'b i^ttick, 
Tbis ia a lattice of common plank. It ia caelljr mtidc, but,IhoagtL 
strong, ia deficient In aliSneaa. The materia] is not advantageously 
disposed, too much of it being near the " neutral axis." It soon 
gets loose and saga, or twists sidewise, t «., buckles. It is Some- 
times sirengtbened bj long siruls and straining beams, or by arch 
ribs. To calculate a lattice bridge, consider Ibe truss a solid beam 
With holes cut out of il where the spaces in the lattice are. 

UlSCBLLADaOCB DETA.IL& 

1. TJie ratio of Mghtlo UngOi. Thla is important The moat 
economical ia t. Short spans, requiring great strength, may havej. 
In long spans this would give the wind too much hold, and the 
Ndes would Iwist or buckle. Then for great strength use J or |, 
while for moderate lengtli and stress -h xiay ^°- 

2. Horizoutai braces or gteag-braees. Til ey are to prevent lateral 
flexure. The greatest poasible strain on them pig. it. 
ia the wind, which operates as a uniform load. 
They are shown in plan in Fig. 17. 

8. Stiffening l/ie adt». When the roadway 
is on top (■' Deck bridges") use transverse vertical bracing, extend- 
ing fW)m the top chord of one Imsa across lo the bollom chord of 
the other triiss. When the road is not on top, extend the needle- 
lieams beyond each side of the bridge, and brace the top chord Ixom 
It ; otherwise make gallows frames. 
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4. Wfdffing up IJie enda of tht Iticer clioTdf. Tliia produces an 
lalllitl btrnin of cniiiprcasion, wliicli Ilie slicss of Ilie load must 
overcome before It bcgini to bring a etrain of extension upon lUU 
lower elioi-d. Tlie lower chord tLen acts sumcnbat hb an arch. 
An obji'Ctlon b that it mnkcii tlie strenglli of tlii bridge depend 
upon the resistance of tLc abutment. 

6. Double roadicas- In imporlunt bridges it is best to Laye each 
track separate to prevent & one-sidccl strain. 

6. Oiirabilily, An uncovered wooden bridge is seldom s&ie for 
more than eight or ten yeais. If covered, sided, and well painied, 
it may laat ibir^ or forty yeare. Some liave been used fitly or 
fliity years. 



A beam resting on two supports, sustains a load by Ihe compres- 
sion of ila upper fibres, nnd tlie enlension of its lower fibres. If 
we confine Ihe ends of the beunt by immovable obstacles, tliesewiU 
be substitutes for tlie tension of the lower fibres, which may there- 
fore be removed wiihout lessening the strengtU of Ihe beam, as may 
also the e.itrerae portions of the upper fibres. So loo a board 
laid on two supports will bear a certain weight. Bend it up and 
confine ila ends and it will bear a ranch greater weight This 
principle may be adopted in building bridges of considerable span. 
Strong, chenp bridges may be made by forming on arch of planks. 
One such, with a span of 130 feet, rise 14 feet, was formed of 3" 
plank in 10 layers and 30" wide. Three locomotives on it caused 
a dffleclion of only J''. The roadway may pass either over Uie 
lop, resting on posts and struts, or be at the springs and thus act ai 
a tle'beam. tieirg suspended irom the arch. It is then called a 
"Bowalring" bridge. 

Perhups the strongest and cheapest form of bridge, where abut- 
ments can be obtained, would be a parabolic arch, increasing la 
cross-section from crown to spring, aeeordiog to stress, and stiff- 
ened by counter-bracing. The counter-braces niny be wedged 
down, as in Long's bridge, and thus made very stiff, as well as 

Double or parallel arches are always bad. Suppose the " neutral 
axis" to pass near the middle of the lower' arch rib. Only Ikalf tlw 
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I. IwinB; ilie upprr portion or ilic upper 
tion or tlie lower arcb rib. Tbe Erie 
I l>uil( OD Uiis plan. Span, 279 feet ; 




strcDgili of ilie liml^^r is i 
arch rill, and the extivme 
RitilmuL CascB<le Bridge 
rise, 49 fceL 

OemUruilloa of oit arch and Iran, This is much used, and ill 
expediency is itdvcicnled by Bome emiaent engineers. Tliei¥ are, 
LowevcT, grave objeclions. It U impossible so to combin': tbiin 
that the arch na<l truss sball each benr its due share nf the pres- 
sure. One will give way before the pressure comes on the other. 
One of tlie best coniblnalJODs Is Burr's bridge. The relative fitrees 
on the arch aad truss, of a combination, roaybe so adjusted by sec- 
screws as 10 throw any desired |)ortiaa of the stress upon either 
tlie arcli or the Irusa; but tliis ratio wilt be changed by eveiy 
psbtting load, and by eveiy change in the temperature. 

Il an arch be used, and the abutmenla will allow, it is best lo 
depend fbr the whole strength upon it, and to employ a truss 
merely to aliffen iL 

Weodea Sutprntion Bridge*. Wood is rarely employed In this 
way, Dotwitlistanding its greater strength to resist extension than 
compression, because of tlie loss of material caused by the ntcca* 
Buy Liolta and straps. A bridge on this plan was built by Burr 
across the Mohawk at Schenectady, N. Y., ui 1808, and Is still 
(1S71) in use. 

Latit Bridge. This is a combination of a wooden arch and 
BUspeneioD bridge. Fig. 18. A timber is sawn nearly through 
lengthwise, it« ends con- 
fined, and the middle poi^ 
ttODB lire wedged apart. 
It will DOW bear a much 
greater load than before. 
Two tiuibers may be thus 
combined. For great spans, the upper and lower portions may ba 
formed by spUciug timbers. The principle is good. It Is recom- 
mended for milliary bridges. 

Wooden bridji^ have been extensively used in this conntiy, on 

account of their cheapnesa ; limber being: plenty and capital limited. 

They are, however, faulty from their elasticity and consequent 

vibration, and thehr perishable nature. 

19* 
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Iron brtdp?s are cmplo3-pd with grcnl success, mitl llieir nse b j 
Increasing. Tliey Uare Uie rt-quisile ri^dily; and nllliougU the 
lint cost 1b (greater tlinn for woodtn bnUg<^, tlicir iaiperlshnbls 
nature, if well cared f»r, readurs Ihuin, iu a mnjoriiy of cases, most 
econotulcal. 

IRON BRIDGES. 
Tbey are diTiilcd, like wooden, inlo Trabealc, Arcaale, and Su»- 
pension. The alrrascs, slrainB, and calcululions ore, of course, Ibe 
Eame for tlicni as for wooden bridges-, only using Ibe experiuientol 
cpefflcient of alrenglh for iron, cast or wrougUl, instead of tliat for 
wood. 

CLAESIFICATIOH, 
L TitABK&TB. 

1. Catl iron girderi. 

^mpte girders. Built ^rders. Trussed girdera. 
S. WtohqM iran girders, 

I-slisped beams. Box or tubular girders. 
8. Wto^M irrni truu leork. 

Post's, Fink'd, BoUman's, Wliipple'a, Rider's, Heath's, 
etc., etc , 

I TiUBEATE InoN BniBQEa. 
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Eelaliw ttrenglh of cast iron beams. Fig. 10 (o) is a cross-section 
of a bcnm made by Bouliou & Wntts in 1801. It was Improred 
by Fairbaim in 1835, llie vertical rib beiag 
made tlitnner and Ibc lower flange thicker (&), 
Tredgold's beam (e) has equal upper and 
lower fiangea. The alroiigost form is Hodg- 
kinson's (i?), the lower flange being si 
tlie npper one. The relative strength of these 
beams, Ilndgkinson's beiug tiiken as uuity, 
is : Boullon & Walls', 0.51 ; Fairbaim's, 0.75 ; 
Tredgold's, 0.03; and Hodgkinson'a, 1. 

For siiort distances, a single girder may be ased for each rai 
For 30 or 40 feet, use two girders on each tide, witli a timber b 
tween them to carry the raii 
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The grentest pciasible lond aliouW not exceed one-sislh tlio 
breakinj;; wcigliL Tbe lest luiul sljouUi be about In ice itic greatest 
loafl, or nboiil ono-lliirtl the breakiug weight. TUe iU-ttectioa un- 
der the pcmtantnt loud sboulil not be mure thnn lU <>( tlie lengilt. 
A " camber" of 1 in 300 aliould be used. One girder 76 feet long 
hu been cast. 

Bvilt girderi. For spaces too long for simple fiirdere, built 
girders arc used, fitted chiscly at the joints with flanges there 
bolted together. Spans of ISO feet have been Uiua cros^d. 
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TYuaMd girder). Cast iron beams sometimes have wrougbt iron 
tension rods applied lo tbem, as in Fi^'s. 20 end 21, with ibe object 
of siren gthen ins tbe lower fliingc; the two rods helping it to resist 
eKteosion, The rods are ligblened by screws or w*^gea, so as to 
have any amount of initiai tension In advance ; but it is difflciilL 
BO lo adjust the two, Ibnt each Gliatl bear its shnre of the strain; 
and even if this adjualment were once made it would be altered 
Rftcr any strain, owing to Ibc different " tela" of wrought iron and 
cast iron. Since for respeclive slressea eqnal lo 3 breaking weight 
for each (say 5 tons per square inch for cost iron and 1.1 tons for 
wrought), llie elongaiion for wrougbt iron is 2i times that of cast, 
and its itl, 10 limes as great as tliat of cast. This adjustment, and 
"witli it the strains coming on eucli, would also vary with every 
change of temperature, since wrouglit iron expands with heat more 
than cast iron. Tbe conibinaliou is therefore bad. Cost iron is 
never »r^e for girders ; wrougbt iron should be used. 

Wrought iron bridges. The resislanee of wmught iron for rail- 
road bridges Is safely 8600 pounds per square inch, or about | uf 
its breaking weight F'.n- enuimou road hiidgea, 11,400 pounds. 
These are safe limits. In England, 11,400 is used for railroads, and 
18,000 for cast iron. Tbe greatest possible load for an iron rail- 
road bridge is In Austria called 2300 per running foot for each 
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1, 1600; 



I France, 3700 ; in England, 230U to 
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Tlie projier Irinl lontl msj be from 40 In 80 pnnnils per sqnnra I 
fmil of roulway, accnriiiiig to the prubalilUtiei noJ iinpurUDCO of i 
tbe liridKF. 

In Frsnce. iron nitmaU bridges are hy Xnw tested thus: For J 
■pani under 64 reel, 8300 pounds per ranning font; and for Bpau J 
over llial, 2640 pnumls per running fiHit b used ; bat Uie load L 
tlite tiut rjuc must be at least 300,000 pounds. 

Wrauglit iron resists extension miicli more than compression, ' 
tlicrefiire the compressed parts of wrought Iron beams (the npper 
flange of a beam EUp])orte(l nl bolli ends) eliould be nearly as 2 : 1. 
Tliey are uauallj made nearly tlie same, since for small strains its 
resistances are about I lie same. 

Biiitget if \-tkaped beanu. Up to 3^ feet, n single rail would | 
answer From tbat to five feet. dou)>lc rails, bolted li 
gelber by Uic lower flange. A. common form lur 
wrougbt iron girder is sliown in Fig. 23. Tlie dimun- 
sioDB will, of course, depend on tbe aimn. Tlie usual 
ratio of depth to span is about 1 to 14. Parabolic 
girders have been used. 

Box or tiihtlitr girden. The ultimate tenacity of plate 
gintcrs nilli double riveted covering plates, is 45,000 pounds per 
square Incb of cross-section. The ultimate resistance to cnisbing J 
Is 30,000 pounds per square inch. One sucb bridge has a span of 1 
ISO feet. Lie girders being 13 feet high and ii feet n 

AniitJier, of two tuhuLir beams, of 170 feel spun, weigliud 130 
tons, griHsti, and cost f 100 per ton, equnls $70 per fiiot Another, 
of one girder of 76 feet span, cost $100 per loo, and $42 per 
roi>t 

When tl)e beams are small and liable to give way by bending, 
use the formula for wrouglil iron posts. When the tbicknesa of 
the plates is not less than ^;, tiie diameter of Y\g. M. 

a square tuire, the ulliniate rcNislance of it to 
bucUling or bending is 37,000 pounds per 
sqiiivre inch of tlic cross-sec I inn. Fig. 2!) 
slmwa llie common form of tubulnr girders. 
P.ir Biniill spans each line of rail rests on a 
tube. For greater spans, each line of rails 
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will have a i>nir nf llirm. For still crcnlcr spnns, the roadw^iv 
may go tlirougU l\K tube. For eiamplp, llif Brilannia bridsLv 

The Bi-itiinnia tubalnr bi-idfft, over the Mcnai Slmlts, lina two 
spana each o( UO feet, and two of 250, iia lutal length being 1600 
feeL Its lubea are 80 Teet hi^'h and 14 wide. lis top and ttoltoia 
are eel liitar, being compoitedortwn parallel slieeta, 18 inrbcs apart, 
aod connected by croM-plntes wliich form a scriis of square cells 
or tubes. Tiie luiiterial is boiler iron, from 5 lu J inch tliick, in 
sheets united by two million riveu, andellOenedby siity-five miles 
of anple iron. Heavy trains daily cross it, with scarcely percep- 
tible Tibralion, But its ccist, 12,500,000, mual always render it 
more a Eul|ject of adminition than of imitation. 

The VicUnia In-irlge at Monlreal is on llie same plan. The centre 
span is S30 feet, and 13 spans on each side, each 242 feeL The 
plates of tubular bridges tlunild var>- in thickness in ilie same ratio 
as the chords and braces of truss bridges. 



Sider't trv*». This is Long's bridge in iron. 
Bealh'i trtit Irva. This is btjilt of sheet h-on, stiffened by 
T irons. 

NOTK.— For > dlMDfrinn of tfac cnnpin 
Jono, Marpli;-W hippie, Piirl, TrlanenUr, *i 
OD "Irou Truss BrliJma Tor ItitlrondR." 

Tiianf^uiar girilers. On this plan is Brunei's " Cnimlin Via- 
duct." It has 10 spans of ISO feet each. Each span composed of 
nine cquilntem! trinnglca 15 feet high. Piers 300 feet Jiigh, of casl 
iron colnnins strongly tied tiigelher. 

The best angle for Uie struts and ties is 4S°. Deptli usually A 
to jV the leuglh. 

Lattice bridga. In a good one of six spans, each flO feet in clear, 
the height waa 10 fi^t. The angles were 45°. Width of upper and 
lower stringers was 10". Thickness HJ", made of iluee bars super- 
imposed. Lattice bars 3i" broad and \" thick. Diataoce ojiart 
from centre to centre 13". Riveled at every crossing. Distance 
from rivet to rivet was 18". The objeclion to these bridges is, tliat 
they are liable to buckle. Tliere is considerable competitioa be- 
tween the advocates of these and boiler-plate bridges. 
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II. AltCUATE ICIOK URIDQES, 

1. Cart inm itreti. Tliis is ilic sirungest of ail foniw of cast iroa | 
bridals. Wliipplt's ntvli truss ta one of this clrtss. 

An ai'cli foniicd of CASt iron tubes Ibrousli which Ihe watcc j 
passes, serves as bolli a bridge dud conduit on llie Washington | 
AqiiedcicL Span 200', rise 20', diiinicier of tube 4 feet 

Wrotighc iron arche* arc usuiiUy of the bow-airing form. 

Tiie steel arcli bridge acniss lUe Mi3sis<iip|)l, at St. Louis, is 
have Ibrce spans, the middle one being 515 feet. 

Zom'j form. The greatest one is Brunei's Saltash bridge, 
baa two spans of 445 feet each, 

ei:srEKsioK brrxjes. 
Various plans are proposed for siiffcned Buspeosiou bridges fat I 
railroads; among them are these: 

1. Adding a heavy and stiff platfnmi. 

2. Connecting a truss with the cbiiin. (Niugnra.) 

5. Muliing the cbaiu itseif a. Inisa, (Sec Lnthiim. plate II) 
4. BuBpending many points of Ibe platform directly fhim the ' 

piers. (Dredge's plan.) 

6. Stnlaining tlie bridge and load as in Bollman'a bridge, tha 
rods tliemselves being supported by a chain. (Oi'dish's plan.) See 
Latiium, plate VI. 

6. Applying stay rods. (Niagara.) 

Oompariron of a luipentien bridge mtd a girder. Suppose them 
each of 400 feet span and 40 feet deep. Tbe weight of a chain of 
pioper slrenpib would be about 260 tons. The weight of a girder 
of equal strength would be about 000 tons. Under a staliiinary 
load, Ibe former would deflect about twice as much as llie latter. 
Under a moving load, such as would cause a wave of 3 feet on the 
former and 3 inclics on the latter, Ibe slioclt to the aimctures would 
be 128 limes as great on llie suspension bridge ns (in tbe oth^. 
Also oscillations tend to accumulate on the suspension bridge. 

Sections lo gite Vie chains. The French guvemment rule is this: 
On trials, apply 40 ponnds per square foot of platlbnn. The U 
•ion shall not exceed for bar iron \, aud fur wire \ Ihe breaking' 
vcight, which is a tension correspoDding to about 17/)00 pounib' J 
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and 28,000 pounds per nqniire incli respectively. The strain of tli« 
Ui)ti>n<]til bridge ia RlK>ut ^ tlii«. 

Rocbling hIIowb T wires of i" (1 in meter for eftch Ion of mnxiniUTn 
tension, cquivnlent to 330 pouniU piT wire, or I llie breaking 
'wciglit. Tbc constnnl loud is i breaking wcigbl. Tlie vertical 
■impemlins rods uro k'iidcd to only -h breaking wciglii, being es- 
poscd lo sliocks. The weigbl of the cable increases as Ibe square 
of tbc spun. 

Potable length. Tbey miglit be built of one mile length or aptn. 
For example, a No. 10 wire will support gnfely a strain of BOO 
poiiodH, lis breaking weijrht being lliree or four times tliat. 8nch 
1 wire suspended over a spnn of 4000', with a versed sine of BOO', 
-would have a tension of only 313 jiounds, or i hrcaking weight- 
Such a wire would Iwar ila own weight across a. span of three 
miles, witU a versed sine of iV 'lifil- 

Tbo East River SuspenHion Bridge, connecting New York and 
Brooklyn, b to have a single span of lOOO feet 



BTONB EnroOKS. 

Tlie bridge* necessary on railroads, vrhen of Btone, present pecn- 
lUr difflcuities in Iheir construction. Tliis ia owing to the tra- 
quently unavoidnblu fiatnem of tlie arches (a chaniclerialio which 
it is not ensy to unite with sufficient alrengtii, both iu renlily and In 
appearance), and to iliu obliquity villi wliicli they oflea ctosa other 
reads, and which cumpcls the employment of " sitew-arches,'" 
-which require more than ordinary skill in both the engineer and 
the builder. 



UOViBhS BRIDOBa. 



the c 



L TSiming bridge*. 
1. Turning on i 
3. Turning ou 
n. miing bridge*. 
IIL Sliding bri'lgen. 
1. Raise or lower 
on rollers. 



d of the draw, and above it bi 
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2. Shove the roadway sideways, to m«iV% room to sliove 

Uie draw back. 
8. Shove tlie draw sideways and then ran it back. 
IV. Floating bridges. 

1. Boat bridges. 

2. Pontoon bridges. 
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BPKCIFICATinNB. 



lit making ont specif) on lion r for tlie execiilion of any work, 
[ ererylliiiiE should be plainly expressed and nothing left to be 
I birt:rn?d. 



1. DEscarrTiOK of tuk ^\'obk. 

TtiU usutilly rtfei-B lo llie mnp<< nnu plnoB definin;; llie centre 
t Une, rnisa-seclion, true Kriicif, snd BUb-firatle. Grade is the top of 
I the hank, as completed nnd hullusled. Sub-grude is fVom one to 
[ tvu ftet Iwlow iLls. ItiB the lop Butfuce of the eortLn-oik before 
' (iie ballRgt is put un. 

2. PiiELniiNABT Work. 

denring. All trees, logs, brush, nnd other vegetable matter lo be 
I temoTed from the ground on which the banks are lo be placed. 

Orubbiaii. All siumiKi nnd large roots to be grubbed out, the 
[■ entire wldlli i)f the work. 

Mvekiag. All sofl earlli to l>c removed down to two feet below 
Ifttb-ETBde. 

8. EXCAVATIOM. 

- All Uie dimensions should be given, i. «., width, side elopes, etc. 

Also the diatiince below gmde lo which the excavation h lo be 

' made lo allow for ballasiing. Dilchea must be cut along the top 

I of the slope to pmlect tiie Elopes of the cut. Their size lo depend 

an how much will be required of them. 

Clatlifcathii. One railroad divides the matetiiil only inio enrth 

F and rock, the former including everythinij except rock in letlges or 

^ boulders mcnsuiing more tliun tO cubic feet. 

Another road divides 11 into curtL (including " hard-pan" and 
M km than 1 cubic yard), bose rock (compriHlug detached stones 
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er), and solid rock (embrndcg 



ig nil rock hi ^^M 
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of 1 cubic ynrd Bnd o 
Icdgt*). 

Annllier road lias also lliree cinasps; solid rocb, or tlial reqairiny 
blasliiig; Bofl or rolttii ruck, rrquiriog Ihe bar and pick, but Dot 
bluNliiig ; imd eartli. Detached kIodss less tliail 3 culiic TtL't coma 
in l)i« last class ; and llioac between 8 and 20 cubic feet in Ulb 
second cltLss. ■ 

On tlje Erie Canal enlargement the classes were: common earth, I 
Uard-pan, quicksand, slule rock, and solid rock. 

Soto menmrt^ and paid for. Escavation ia sometimes paid for 
in Ilie cut, and Bometimes in Ibe bank. 

Tlie ateragt havi slioiiUl be nniiied ; also the dialance beyond 
wliicb t'Sim hauling is paid for. On one road Uiis limit was 1300 
feel, and beyond tbat the wiiilruclor was paid } ct. per yard per 
handled fecL On another road llie " haul'' was 1000 feet, ^nd the 
contractor received 1 cL per j'ard fur every additional liundred feet. 

Ufunlly Ihe grade is so established as to make Ibe "cut' and 
" SU" nearly balance, imd Ihe whole work Is meaEured in the ont 
and is paid for as excavation only, unless the " haul" exceeds the 
limit named in the specificaliun, in which case the extra hauling 
U paid for. In case the cut dues nut quite make the fill, the extra 
material is measured in the "borrowing pit," so tbat all earthwork 
is meiiaured In the excavation. 

1 Embankmest. 

Dimendona. This Includes width, side slopes, e 

Muleriid. No soil mud, muck, or vegetable m 
the bank. 

Subtideiice, In making high banks in the usual r 
Bnce must be made for settling, and Ihe hanks be made so n 
higher arigmally. The following has been used : — 
For banks S feet high, 5 inches 



H 



la allowance ia made ii 



APPEXDIZ a. 

An ciiiliniikmcnt eliould never be carried up lo any piei 
iniiMiiry, &e a bridge iibiitiiienl, by dumpiog fiom Ibe top of Uis 
bank Ut llie usual way ; but sliould be wheeled in and rammed in 
l.y.,,. 

5. BxLi.Asr. 

Tbe kind oriMillBBl to be used, and tlie lbickne«9, must be named. 
If of gravel, Uie quality; if of broken atone, tbe kind of stone and 
the size of Uie pieces. It m measured on llie &niebed work. 

6. Dbtails. 

The poshion, size, and slope of the ditches. Providing for tha 
paEssge of roads, both public and private, and of waler-counea. 
Protecting banks from the action of water, by rip.rap. slope walls, 
piles, etc. Extra excavations, as foundation pits for bridges, 
Btuli'ins, etc. Location of spoil banks and borrow pita. 




BPKCIFICATlONa F 

A tlill deseription of the work should be given, accompanied by 
the requisile drawings. It abould also be disltnclly staled what are 
tlie requii'eraeuts for llie first, secund, third, and fourth class 
masonry ; i. e., tbe size of Ibe stones to bo used, manner of laying, 
arrangement of headers and slrctchers. iund nod amount of dress- 
ing, thickness of mortar joints, quality of cement, etc. 



CLABEIFICATIOK ON THE CBOTON AqDEDtTCT. 

1. CutiteTie. "This means that a tooled draft Ij" wide shall be 
cut on the face and joints, bo as to bring the stone into the proper 
lines and angles. Tlie face that shows is to be axed down fair and 
even. The beds and end joints to be dressed so as to be laid to a 
joint not more than tV". The rear bedi and joints to be dressed 
paralleL" 

2. M'^hamniered tcark. " The stone is to be taken ' out of 
wind' and dressed with hammer, pick, and points, so as to admit 
of beijg laid to a eonipacl joint, not more than i''. The slnnea 
are lo hold their full size for half their length from front to rear, 
and on the rear to Itc at least i as wide and i as thick as on the 
ihint. Tiie face is to be liur but not very smooth." 



J 
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8. nough-hammered work. "Tills nimna tliat iLe * 
Ici be ilrcxM'd iind runneil wlih sii much regnlariiy, aa \ 
of Ilit'lr bring UiiJ In a ciinipact aiid aubstauliul manner and bo aa 
to niake giMiil lined work." See p|>. 180 ntitl IHT. 

Tlie liyilraulin cciui'nt iiBed Hbould be l>u«1i-gruiiiicl. The oaiul 
pnipiirllfin ot anud snd ct-nieui Ibr ctnii-ni niurlur, i» inii: pitrt uf 
r^iiiienl lu iwn ol' ck-xu slmrp Bitiid. Wlivii lime is used 
ninrtar. Ihe iisiwl prupurtious are, one purt of cement, Ivro of lim^ 
and five uf aaud. 



RAILROAD RESISTANCES. 



|S0TK 

The axlefricliona directly 
as lliat »f ihe nlieel. Lei w' 
wheels, and r and r' liie radii. 



1 PACK SGo-l 

iliu radius of Ihe axle, and in 
' equal the weight resting 

Then Uic axle friction equal* 



I 



Tcreely 



/">' 



a whidi /^ Ihe coeffleient of friction = .05 to .017, and 



p = -r'j lo -."u. As a mean we have .033 »' x i^,- = . 0033 w' or 
about jis w'- ] 

The rolliiig friclioa at the circumfej'cnce nf the wheel equals/" w, 
10 beln.K the whole weight, nnd / averaging ,001, Ihal ia. about, 
,001 of the vrlidlc weight, or abimt onc-lialf the a^le friction. 

Both combined cquiiU, approKim'tlelj, j^^j of the whole weight. 
The fmction thi is oflen used for thu friction and the other reakit- 
ancea at very low speeds, at which they are very sniaii, 

TIi« friction on railroads has osually been determined by tetting 
cars nm down a steep inclined plane, succeeded by a level or bu 
ascent, until they are stopped by friction. 

Let a = Ihe weigiit of the car, A = Ihe vertical descent of the 
inclined plane, A' = the vertical ascent of the succeeding ploiH^ 
a =: the distance of the descent, x' ^ length of the ascvnl, i 
/= the coefficient of friction. 

Then the " (roiA" accumuhited in descending =nBh. The woitofl 
done before the car comes to rest =/it {i + x') + ui 



tbeH two ezpresslon.% and reducing, we get, /= 



«+ ^' 
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MGond plane be level, thia becomes /^ 7, If ibo second 

pl&ne dexenil, /= ;. 

Hecent experimenla inilicate thnt the friclion ia not entirely 
indepemlcnl iit ilii: esltnt ol" ilic surfnce or the Tcliwily, but Uint 
it incrvases wimewliat wllb tlieni ; and under great preasurea it 
iQcreiisca somewliat fmler llian Ibe weiglita, owing to abnuioa 
taking place. 

The reiittanee tf till air ia fiiuad iinx : Avelodtj oronemlleper 
hour ^ Ji ft. per minute. Then the furmula, t ^ --, tieennies for 
tliis speed, » = (IJ)* ^ 3 X 32 = 0'.0334. A coliimn of air of tijia 
heiglit, anil a base of one square foot, weiglis 1 x 0.0384 x O.OB 
= 0.0027 pounds. 

[mote to paok 300.] 
A simple formula by D. Qooch for the resistance on rail- 
roads is this : The resistance of tlic train In pounds per t (Ion) 
^ 6 + .03 (1/ — 10); in which r" Is thevelocily in miles per hour 
That is, 6 lbs. per t + 0.3 ll». per T per mile per yelociiies bejond 
ten miles per liour. For leaa relociries omil tlie second term. For 
the engine and lender talie twice the above, t. e., in pounds per T 



I 



e 13 + O.e («■ - 



10), 






D. K Clarii's fomiula. He considers part of the n 
A constant quantity, and llie rest to vary as the square of llie velo- 
city. He gives fur lUc resistance of the train in pounds per t 

6 -I- ^Tfr, Fur llie engine and tender take the above amount per 
T for tliem bb carriages, and in addition, for the resistance of the 
machinery, lake 2 -1- ^^ pounds fi>r each ton In the total weight 
of the train, engine, and lender. 

Recent Frcncli espcrinients make the total resistance of the 
train, including the engine, at speeds of from 10 to 25 miles per 
hour, 0,003 to 0.0045 of the whole wciglit ; Ihjiu 23 to 37 jiiiles 
per hour, from 0.004> lo 0,0085 of the whole weight, Excluding 
Uieeiigineand lender, it was, at 21 miles per hnur, 0,004; at 31 milei 
per hour, 0.0009 ; and at 35 miles per hour, O.OOS. 



I 



Arnsoa o. 



[SOTE TO PAOB 376.] 

SenMtance on an atetnt in a itraight line. 

The frictioD or llie axle nnd of the wlie«l to now redaced iit^ 

llie rallii of 1 : cnsiDe iif tlie DDcie of llic slope with llic burizanjJ 

bui lliis difference is en email thai it dihj be neglected. The n 

uice nr llie air is not changed. 

The Dew rceielance of gniTiiy equals yr . sin. angle of slope; (V, I 

near enouch, w . tan. ancle of slope = w . -- — ■ — -T~r. ■ 

boriKouEal d)st«nce 

Sleep grade* in praetitf. 

The Ballimore and Ohio Railroad baa grades of IIS ft per mO 
for T miles, with anmc curves of GOO ft. radius. 

Ellct's Mountain Top Track, in-Vlrginla, lias an average of 23Ta 
(L per mile for 3 mites, and a raaiimum grade of 206 ft. per mile, i 

Near Genoa a riiilrond has a grade of 117 ft. per mile for 6 mil«i 
with a maximum of 185 a 

The Anstrian Bemmering Riilroad has a grade of 133 ft for ', 
several miles, with an average of 113 It for 13 miles, and curves of 
660 ft. radius, 

Tlie Copiapo Railroad, in Chili, has a grade of 196 ft pet mile, 
for IT miles. At its chief incline it has 311 f1. per mite for 33 miles. 

The Mexico and Vera CruE Railroad a-scends 7000 ft in 55 mites. 

The railroad over Mount Cenis has a grade of 440 It per mile for 
11 milus, with one curve of 139 ft radius. Its gauge is 3.S ft 
has a middle line of rail, gripped between two horizonlal wheels, ] 
to get more adlieslon. 

[note to faqe 271.] 

Setittanee on eurnei. 

There to a tliree-fold difficulty in determining the resistatice on 

curves, viz., that the fncts are few; thatlhose we have are deficient 

in details of speed, cliaMCler of engine, condition of tnicit, etc. j 



and :hat v 



ido n 



; ku<.T 



whot alloWKi 
eallB 



these difftrcncea, even if tliey ^ 
BHis have worked out elahor&te f< 



c should make fw 
t-n. The French eogif 1 
i for ihete restotaneif^ J 
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but Ihry are less valuable praciicillf lUan the results or oliserv*- 
tion. 

It IB now proposed to giTc some of tlicso nsullB, and lo reduce 
the resistiinceB ot llie curvea lo tlieir etf uivnlcnt Rrades and lbs. per 
ton, nnd ftaally to the equivalent IncrL'ase of distance; litis last 
being lliu most important point for [be purpose of equaling lines. 

Il will lie assumed lliat tlie reelBUnces of curves are inversely 
proportional lo their radii, or directly to their " degree," whicli 
equals CT30 divided by Uie radius In feet This assumption h trua 
bypothetlcally, tliougli practically tlie sharper curve woald caoH 
greater pro|)OrlionaI resistance. 

No. I. Mr. Latrobe's experiments in 1844, on the Baltimore and 
Ohio Bnilrood, indicate that a cm-ve of 400 feet radius (14|") 
doubles Ihe resistance as compared with a alrnight and level Hue, 
for an eight-wheel car nt 3i miles per liour, the original resistance 
being 7.5 lbs. per Ion. Then a 1° curve, nr 5730 feet radius, would 
be equivalent lo a. resistance = 7.5 -i- 14} ^= 0,53 lb. per ton, or to 



it per mile ^ 0.53 > 



3feeL 



3240 

No. 3. Mr. Ellwood Morris considers this too much, and re- 
gards a r curve as cquivalunt to an ascent of I foot per mile. 
This corresponds to 0.43 lb. per ton. 

No. 3. On tlie Pennsylvauia Central Railroad (under Mr. Haupt) 
the grade was reductd on curves at tlic rale of 0.025 fool per 100 
fret per degree of curvature. This mokes a 1° curve = 1.33 feet 
per mile = 0.58 lb. per Ion. 

No. i. Another writer says he finds a 400 feet curve ^ 31 fest 
per mile. Then a 1° curve = 1.47 feet per mile = 0.03 lb. per Ion, 

No. 5. Mr. W. C. Young, when supcriotendent of the Utica and 
Schenectady Hailroad, found the trains lo increase their speed very 
decidedly on passing from a 30 ft-cl alraiglil gnide lo a level curve 
of TOO feel radius. Then a I' curve gives very decidedly less resist- 
ance than « grade of 3.4 feet per mile. 

No. (J. On the New Yorlt and Erie Railroad, a curve of 055 feet 
radius causes more resistance than a 10 feet grade. Then & 1° 
curve would cause more tlian an ascent of 1,07 feel per mile, or 0.7 
lb. per ton. 

No. 7- On Ihe Viiglnia Central Railroad, Mr. EIlcl found a 300 
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det cnrve to came more resistance thnti 6B fwi greater gracle, 
nbont Ba much when the cngiae flanges iverc oiled. Then a 
Clir\-e would esusc more than n 3 feel ssrent, or more Ihnn 
per ton. This is excessive, bnl ia partly accounted for by 
length of the wbcel-baae of tlie engine. The exceedingly 
radius also removes this cose from the ordinary category, 

I viU now reduce the above resislances to thcequiralcnt dUtani 
tailing Ihe resistnnce on a straight level road, at the freight f 
of 13 miles per hour, as IW lbs. per ton, which i» equivalent 
feet KEcent per mile, and the resislnnce at the paEsenger speed i 
80 miles per hour as twice this. 

The differeot reeiBtanccs of curves for different speeds nill not' 
token into acconnt, for want of data. Tlial portion of it due 
friction is the same at all velocities ; but tliat due 
must increase as Ihe squai'e if the velocity, since il 
ing force." With this omission, and the preceding asaumptiona, 
we make, approximately, the resistance caused liy Iiiming 
plete circle, or 360° of curvature, equivalent to the ftillowing in- 
crease of distances on a stmighl and level line. 

No. 1. This makes 390° equivalent to a grcide of 1,33 feet 
mile, for 360 x iOO feet = 6.8 miles, or 8.8 feet lor one mile. ThI 
is equivalent to an additional distance of 8,3 + 24 ^ 0.35 mile 
freight speed; or to about half Ibis, or 0.19 mile, nt passenger speed. 
It would be equivalent to about half a mile at tlic slow speed of 
the esperiroenl, since a resistance ofT.S lb. per ion would be doub- 
led by a grade of 17 feet per roilc, and 8,3 -t- 17 = 0.48 mile. Th» 
same result is also obtained by noticing that a complete circle a\ 
400 feet radius is 3513 feet, or nearly half a mile long. 

No. 2. This miikes 360° equivalent lo a grade of 1 foot per niilej 
for 0.8 miles, or 0.8 feet for one mile: which is equivalent to 6,8 -t- 
S4 ^ 0.&8 mile at freight speed, or 14 at passenger speed. 

No. 3. By similar reasoning, this gives 860" = feet 
one mile = 0.38 mile at freight speed, or 0.10 mile at 

No. 4. This makes 800° = 10 feet ascent for one mile ; ot 0. 
mile at freight speed, and 0,31 mile 
Noe, 5, G, 7, may be analyzed in t 
The average of the flrsl four is that turning 300° of 
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equivalent to the running aa additional distance of 0.36 mile at 
freigbt specil, or 0.18 niile at pnaaenp er speed. No. G agrvee with 
Itaia ; No. 6 glveti more, uud No. 7 raucb more. 

Tile girat dispnrity between the propnrtional reslslancea of curves 
at lun and bigb speeds would be lesfened by lakinj; into acconnt 
tLe iucreose of llie almolutf resiulance of tlio curves at high Bpewli. 

PerLape, la ordinary cases, one-tliird of a mile per 360* would be 
about a fair equivalent in equating for curves, particularly luking 
into acconnt the other objections to them. 



[hotk to p 



! 146.] 



Staiang out tlie «afa-»fop<». The " line," which has been so often 
spoken of, is the centre-line of the ruitd-'its axis— and the stakes 
which have uow been set at every hundred feel, on both straight 
lines and curves, have marked out only this centre-line. Before 
llie " construction" of the road is commenced, other slakes must 
be set lo show how far on each side of tlio cenfre-Hne the cutiings 
and fillings will eitend. The data required are the width of the 
road, tijedeplh of the necessary cuttings or fillings, and tlie ratio 
of the side-slopes lu unity. 

Assume that the road is to be 20 feel wide, the slopes 3 to 1, nnd 
the cutiings G feet. Addhnlf Ihe bottim widrh lo twice the deplh, 
and the sum (10 -^ 3 k 6) = 23, is the " distauce out" from the 
centre stakes, at which the cutting stakes must be ai± They 
should he marked "6. + ," or"Cul6,"aud be driven obliquely, so 
as to point in the direction of the slope. If the road had been in 
filling, the " distance out" would have been the same, but the 
stakes would have been marked " fi.— ," or " Fill 6." 

Staking out the side-slopes is thus seen to be very easy when 
the ground is level in its cross- section. But when it is side- 
long, farther calculations, or repealed trials with a levelling inslra- 
nient, are required to find the " distance out" which will correspond 
to the height of the ground above or below the grade line at that 
pi-eeise distance out Take the same width of roact-bed, side-slopes 
and df'pth at the cenlre-iine, as in the preceding parngraph, and 
suppose the work to be in excavation and the ground to have a 
sidelong slope. The distance oat from the centre stake to the 
30 
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e than 82 feet, fbr the 



I 



(lake on the np-bill side wilt now be 
gmiiud rises Id Ihat directinn. 

Ksiimnie bj eye die rise ttam Ihe centre to where the slnke is to 
be si'I, add il lo Ibe centre height, and calculate t lie distance oat, as 
before, by multiplying the new deplh (i.t., Ibe depth at the cenlre 
plus tlie eslijiiBtcd rise) by the side-slope, and to llie product add 
half [lie width of llie road-lied. Find llie height at this distance oul 
wltli Ihe levelling instfumeni, and if it agrees wilb Ihe eslimated 
hei};ht, the potnl has been correctly laken ; if not, try again, until 

le eslimaled beiglit agrees nearly enough with tliat found by the 
instrument (on railroad werk, usually to within one-lenlh). On 
Ihe down-hill side the dlstaoce out will be less than if the ground 
e leTcl. It is eslimaied in a similar manner. 
a stalling out ground for an embankment tlie same method is 
used. A rise in the ground will now decrease the height of the 
bank, and consequently ibe distance out, and vice teraa. 

When the difference in heights between the upper and lower 
Ride-slope stakes is so great as lo necessitate changing the inslrU' 
ment in selling the stakes on Ihe same cross -sec lion, then set the 
■takes on one side of Ihe line for several stations, and then change 
the Instrument and set those on tlie olher side. 

" Cross-sect'on rods" are often used for this work. See Qillca- 
pie'a " Levelling and Higher Surveying," Fig, 53, 

A general formula for any case may be readily investigated. 
Examining first the up-hill tide, and calling the slope of the ground 
fn to 1 J that of Ibe side-slopes n to 1 ; the desired distance ironi 
Fig. M. 



I 
I 





Ehebntl'im angle of the culling, d; and the height of the ground 
above that bottom angle, h ; we obtala (as on page 131), 



APPENDIX O. 459 

(f , (f , _ - mn 

-=ih + — ; whence, a = A . 



n m f» — n 

20 
If /i=6,n = 2,anam = 10,d = 6 x ^ = 15. Then the iip-hiU 

o 

cutting stake will be 10 + 15 = 25 feet from the centre stake. 
Examining next the down-hill side, and using a symmetrical 

notation, we have, - = A' , whence, cf = A' . . Let 

20 
ft' =s 4, n = 2, andm = 10, cf = 4 x ~ = 6.7, and the " distance 

out" of the down-hill stake will be 10 + 6.7 = 16.7 from centre. 

Cases of embankment will be represented by the aboye figure 
inverted. 

Let p and q be the reciprocals of the slope ratios ft. 0.,p =s — , 

and q^=-JiOTp and g = the heights divided by the bases. Thea 
the formulas are simplified, and become, 

d = , and d' = 



Formulas of this kind are seldom used in practice. Side-slope 
stakes can be set very rapidly by the method of repeated trialii 
given before. 
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feinjifl tonn gonorally osei^cl ta each branch, and r;GiiarrnTlf cornea to llic doan 
nlthout ■ iloOnlto DDd suet iOcl cf a Bln~b Bclcnli!lc principle, 

Bloclo's Poonoon Weeks Conrsea coniaiD odIj- tlml itblcli eveiy weD-lnRimmd 
penoa ahoaU know, while eU Hut which canCBina Dnl; tho profoisianul ecientiBt 
la omilteJ. The lnogiugD la clear, elinplc, and InlDiBstins, and Ibe lllnstni^aB 
brinj the anbjecl wllhla tho tansa of homo Ulh noU dallj oipcrlmio. They glvs 
■neb of the gonflnll prlnclplos and the promlaont nicta fld a pupil can mnko Aunll- 
lar u hoaschol J wonla irltbla d Bln^le tero. Tbo t/pB la largo ind open ; Ibera 
la no flas print to anno; ; Ihs cnu ore coploa of gonalnB ciporlmonta or ualuml 
pbcnomsDi, and arc of Une execntion. 

In flno, by a EyBtam of coadcnaatlon pecnihirly bla own, Iha nnlhor redncoB cacb 
branch to thoUmltj ofo single term of etadf, uhllo eacriilcing notblng that is ■»■ 
■eniial, and nothlaj that \% Danallj rclidnod tnao tho atad; of tbo hirgcr nunuali 
la conunon 090. Thna tbo atadcnt husram opportunity to eeonotniH /<u linu, or 
rather to omploy that which he boa to tho best advantage. 

A notable fininru l3 tho anther's cbamilng "atylB," fortifled by an cnthoalnani 
over bis subject la which ths aladentwlll not fail to partaho. BcUevhig tbat 
HatonU Science Is full of Cixcinatlon, he haa tnouldcd It Into a fonn that allracia 
tbe atlBQtloa an:l kindles tbo enthnslaam of tbe pupil. 

Tho roceal cdltloua contain the author's "Practljol QacatioDs" oan plan never 
before Bttempleil iD aclentlfie teil-boote. These ■reqnestlDnsaa la Ihcnaturo 
and cause of common phenomena, and are not directly answered In the (ett. iho 
desl^ bein^ to le^t and promote on Intelllgoitt use of tbe student's knowledge cf 
Iho foregoing prlnclplee. 

Steele's General Key to his Works- ■ ■ - *i GO 

Tbia work is mainly cnmpo^cil of Answers to thu Practical QaeatioDa and Sola, 
tlons of the Problems In tbe author's celebrated " Fourteen Weeks Cunraea " la 
the BBTBrnl Mlences, with many blnta 10 leacbcn, minor Tables, £c. Ebocld be 
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9^ JViiitonat Series of Standard SehootSoott, 

Steele's 14 Weeks in each Science. 



TEaTIMOMIAI.3, 

From L. A. BiKLE, Prt^iltnt Jf. C. CoScs/e. 
1 hsTO not been di^appu^uLHl. t^uaiiuki' ploiuure io LiLroduc^iig tblB terin^ 

From J, F. Coi. Prat, aouthern FtmaU ColUof, Qa. 
1 Ma movli picd<»d wlih tUuee buokv, and cKpticl lo Introduce tlieiiL 

FioiH J. K. BHiJin*«, JWn. BrowmcUU FtmaU CoStf/t. rnm. 
Tbej uo capiul Utile boolu, and aje uow !a lue in oiu loitilulion. 
fVom W. n. QooDiiE, i'nypj'ror Jfeoi/tJiIt Ssminar^, Za. 

/iom W. A. BoL«, Supi, BliObMtMt Graded Schetit, Jfid. 
nie7Ar« b^ CDUirtaLBiu;; ifi k ulorjr boulc, uiul nmcli mun: Improving U> the mind. 

/Vum S. A. SsoTF, Pria&pul rf CTsfl BCSarf, rxftrtJss, Jtoj. 
Btccle'H inTceki Course? in Ibo Sciences uro D perfect aocccBS. 

J^>W3 Jomt TT. Douonrr, A'eit^rjf J*« jlnvimij, N. T. 
I wu prepared to IJnd I>n>t. Steele's Contra both Bttrwttve and Initroetlra. Hy 
Ughoat cxpeclatioiu Imvo beea JhUjr renUzed, 

From J. a. CtiCKWELL, Pmst. Ghcni CoSege, Ky. 
Prof. Sleele'e onoiompled success In pnnldlng for the wants of ncndemle clama, 
hulsdoM to luok Curwud with high outlcipution ^ tuhiii lurtbcomiD;; liBac. 

From 3, F. Coos, Precl, La Granjt CoOtge, No. 
I am pIosKd with the neatnese of Ihetw books and the dcllgfalfn] diction, I hara 
been (eacUlng for jeara, uod have never kcu a luTelicr lllUo volaino than tho Aa- 
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M. W. SiDTH, Pfin. cfmjh School, Jforrtcon, 13. 
10 ho adralrnhly ndapted lo Iho warlH of a pnbllc «hool, coo- 
n nnfflciootly eomprehenBlve arrangement of elementary nrin- 
u^um HJ uxiuLd a uualUiy tlilTBt for a more Lhoron^la kiiowlecige of thoea eclsnceB^ 

.J^wn J. D.BiETmr. JMn. qf Cljft ScSarf, Concord, If. B. 

They «ro jnal ench boolts ai I have looked for. vIb.. those of Interesting stjte, 

not onmboraame and filled np with things to bo omltred bj Ibe pnpll. and yec »at^ 

ubools ; tbero is nolbln;; but ttbst a pupil of avBraga abilit; cim thoroo^lr 

.Fhnn AmsioNoHTOH Lewis. Principal (V'fljrtw.Jciufcmy, Conn. 

I EOOBlder flteele'a Pourteoa Weeks Coor"™ In HillofOphy. Chemistry, Ac., Iha 
tut Bchool.hnoka that have teen iBsned In this eonntry. 

A* an Introdnctlon lo Iho yarlont. branchea of which they treat, and cflpodallT 
Ibr that numerona class of pnplls who have not the time for s mora extended 
course, t conalder them laniiiiiat^. 

From Edwabd Bbooks, Prin. Stale Normal School, HUlereriUc, Pa. 

At the moerlna of Normal School PrtnolpB^, I preeenlca Ibe fbtloivin" resoln- 
ttan, nhtch mss nnanlmoualy udopled: " RttBlrtd, That Sleele'e if Weeks 
Conraga In ZTatonil PhllOFOpby and Aetroncimr. or an amonnt e(iolY:iIont lo what 
Is contamad in them, lie wlouted fur hh: la the SUIe NontAI School? of Pennsrl- 
viziia." Tha tvorke themaelvoa will be adopted by at least three aC the Bcbools, 
and, I presume, by ihem id' 
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LATIN 
Silber's Latin Course, $1 

■Ini M Sm Gpiums vhlsli prnet'dcm Uig 



B Silber's I 

I 



^ationai Serlct of Standard ScAool-Sooltt, 

THE CLASSICS, 



1 

$1 25 V 



»n roIlD* I I 



Searing's Virgills :£neid 2 25 



IE P^Hnl Hlfla. S. i 



Hanson's Latin Prose Book, 3 oo 

Hanson's Latin Poetry, 3 oo 

Andrews & Stoddard's Latin Grammar, *i 50 

Andrews' Questions on the Grammar, • *o 15 

Andrews' Latin Exercises, *i 25 

Andrews' Viri Romas, *i 25 

Andrews' SallusCs Jugurthino War, &c. 'i o 

Andrews' Eclogues & Georgics of Virgil, *i 50 

Andrews' Caesar's Commentaries,- . . . *l so 

Andrews' Ovid's Metamorphoses, . . . *i 25 

GREEK. 

Crosby's Greek Grammar, 2 oo 

Crosby's Xenophon's Anabasis, i 25 



1 



MYTHOLOG-T. 
Dwight's Grecian and Roman Mythology. 

School edition, $1 2j; Cniweraity edition, 

_ AknowLfdBBoflhe fiiWei of anUmiLlv. 11.118 prcMTiW ia s .yatonititLc ft 
Ihore. The mrtholn^cul aUuilEiaii ci Ircqucal Li lilc 



pentlr the 
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2%e Mttirmal Setiet of iSlandard Schoot Soott. 

ELOCUTION. 

V'Jatson's PracUcal Etoculion ..... .$o s 

A brief, ri™r, .o.l h..«' ».<\'t-aoTj ir,^*!.— Mm. >» In ■■ Inaependoi 
Finii tlHtder." Tliu MliJi-ei fully ilfuginud h} dij-Kruui. 

Ziichos' Analytic Elocution i I 

Sherwood's Self Culture i( 

B-lf-cilhin- In mMng. pp,-.kli.jt, ,■.-! pnnT-riKlinn-* .nrrwIiwMB 
InaiTlw lu Lbi>w wUu »i,uM iK..rfi.Tt thi.|u».|.ia. In thi-« »cooiii;rH.hii.enH. 

S P E A K E R S. 

Korlhend's Lillle Orator, *60— ctiild's Speaker*60 
Norlhend's National Orator .*l ^H 

Norlhend's Entertaining Dialogues- ■ • .*i 25 

Swell's Common School Speaker . . . .*l 2R 
Raymond's Patriotic Speaker •21 



COMPOSITION, &c. 

Braokfield's First Book in Composition 
Boyd's Composition and Rheloric ...it 
Day's Art of Rheloric 



J\'ational Series of S/timtrntl SrfioolSooht. ^^k 

LI TER A TU RE. ■ 

Cleveland's Compendiums ■ - - . eadi, 8*2 CO 

ENOLIsa LlTiia VTL'UE. ASTEnrCAN LlTETiATCKB. ^^ 

ENO, Lrr. OP XIX t'EXTmY, CLAEBIOM. LiTERATDttB. ^^H 

I schonl roD:n nod th^ Rt^Dc^ml tanucf. TUclr icpiualloii Is uullDiid.' Uois ^^| 

IB UJ,IX» cople> h&ve b«D told. ^H 

Boyd's English Classics eacb, *i 25 H 

Milton's Pahadise Lost. TnoMBo:!i'.i 6i!aeok& ^^| 

Yo.n::'B NiaHr Taoiioirra. Polloh'b Col'dse Of TufE. ^^| 

CowpBit'a Task, Table T-U.IC, £c. Lord Bacon's Eesays, ^H 

Thli Hrios of aanotalod cilltlonB argrnit EDglli'li writorH. la mote and poctrr, ^^| 

I* darlEned Tor crillcal reluling and pnnlug In rcboolt. ProF. J. U, Boyd pravea ^^H 

himralTaii edllor oriila^ capndly. sod Ihe worka tbemiwlvee need no encoEnlnm. ^^H 

Ab ■oillliuy lo the »tn1; ofllEUea Lottrc;. etc, these world bavs no equal. ^^H 

Pope's Essay on Man ■ ■, *2o ^B 

Pope's Homer's Iliad *80 

The metiiCMil Iranaluiloii o( ihe great poet of BntlqnUy, Bud the nutchl«H 
■■E*?ijon ihp.Niitnrc nnii Stnie of MBn." liy Alekabiiiiii Pofi, sObrd lupBrior 

AESTHETICS. fl 

Huntington's Manual of the Fine Arts - ■*! ^'^ H 
Boyd's Karnes' Elements of Criticism ■ 'i 7S 



POLITICAL ECONOMY. 

Champlin's Lessons on Political Economy i 25 



r 



I 
I 



I 

L 



T^ A'aiionai Seriet of Slnndaid School- Sooks.' 

MENTAL j'HILOSOPHY. 

Mahan's Intellectual Philosophy ... $1 7-s 
Hahan's Science of Logic 2 00 

euvfallr cUborm(«<J vU'Wt. W uipbraceA rvulLa aiudhcil by tha ■l>itA 
BliidD dF Gmt Brllfllh, (lenaiuif, ■nd Frkbdc, In thlB depatuuenL 

Boyd's Elements of Logic 12s 

A ■yUTiiiatJc ■nit phlLinnphie fnMde.iniUon af tfae luljjiet, fnrtifled irltli 
■ddlUiKB rram M'bIU. Admromtilu. IVliild^.^k. 

Walls on Ihe Mind 60 

TJie Imiirorement ctf ibv Mind, \ij lia«e ^Valt^ Li deaUxned aa h ^il4e 
ftiri^c AluiiimuuLuf nBtfhrkLmitlvdire. Aa ■rdil-book il ia uliparxlle^Bd : 

■ morals" 

Alden's Texl-Book of Elhics ™ 

Willard's Morals for the Young .... no 

iHb^h/. The aluiTf In made attr«i:Elf': by lurmLlvts and ensravkn^ 

GOV E R N^M E N TT 

Howe's Young Citizen's Catechism . ■ ■ . 75 

UtilliHl SUI»ORi«n. irllh ruin for parllimenMryuul (raniinerFl*) bi»l- 
■n langlil. 

Young's Lessons in Civil Government -.125 

^ A ™n,ph™alve .few orOoTan.,nonl, and aUlnict of Lbo Uw, .how. 

MansHeld's Political Manual 1 S5 

■nlliur ia an ealwni-d anil aljjc pnif'EiDr of DonBlltnDgiiul Inn. irldalr 
ktnirn fnr lila r^ijuloiii utteraiiceii In nialun of lUtHmlt ilirniigh Ihe 
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3 6105 034 087 598 




Thla book should be retomed to. 
the Librury on or before the last date 
stamped bo low. 

A flQC or five cents a da; is incurred 
by petaitimg it beyond the speciflfr' 

Please return "romplly 



^iM^ u WORKS. 



sr or fWB rnLvMSM. 






IMPEiieMis'LlTEMTIIBI. 



'undred and Twenty Thousand or these Volumes have been sold, 
and Ihey ore the acknowledged Slandnrd wherever 
Uila reflning iludy U pursued. 

j)P. JAMES E. BOYD'S WOEES. 



mO'S COMPOSITION AlfD RHUORIC. 

tolbr llwplin'"(ina.-iiii?nLion i;l»en !•> frniiimalifnl priiiOlplB*. lo iilTord* 
gtonndwofk 1 nlio tor liis mlmir.ihli! tciiimi'jji or Bjnonyio*. fli^wtlro 

BOWS ELEMENT^ OF LOGIC. 

fiplBinf. OiTl, llid ninilHInna ami prowwi'* by whlcii (ha mlnil n-eelrns lii™>, awl 



Ihcn UDfDlds III 

SmiiiOoii of •umiO Juilerntjit. A llion>ui:liWiTOi'Hcul irmiln!, bclag 
phlliHopUlcil VDUduuaulbu of all llwl Is ktiAiu of Uin eiit^tn-'l. 

BOVD'S KAIH^S' CRITICISM. 

Thin ulimiliirrl work. iH la Well lonHrn/lrnivlB nt tbt Cbcnlly of [wrcpptloii 
pnulllun ■>f At'ihotlr* imil Nnliiril Moihlsi mi'l Us use tu refliiinB ilic miuil uii 

iOWS ANMTAtED EHGLISH CLASSICS. 

MIltoH't Parailtm lM»r. I Tlummon-t Htanottn. 

TBima'ii Xiafif Thoiiffhlf. I PoUok't CatiriK af TTin^ 

CoiBprr't Tatk_. Tabtr TalV. .tf. \ t.ni;l n<tf.^..'. JAi.l)/*. 
In six chear Tolumc". Th' 
upon tlicKH ptaiidiiTd wHtf 
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gtll ptn, nil 'Mimns. niO »tl Z'mts. 



HTIOSAL 



HISTOEY. 



'■'History i.; 'l'Ji!lo:,opiiy tcacJ:ing by 



THE UNITED STATES. ' ^°"*'' »'•">'' »' i"^, 

I liw will I b.v w I n i bw. irsiTBD STAiea. Bj JiWi^ 

M^itniiTiI. nUUiur oS tUo NaltimBl Ocoguviihlcnl Bctrlni. An ulcmimliir? W»/lc 
ntiun tli8 cntHi'-Iicllual [1I1U1, wLib Uugm, Eu^aclngi, UcmorlUrTiililoa, i 



3. WillaH's Unabridged History, f- 

conri"!.-- Niitutile IOr)l> rjiiur iir!ftin|Kmiiol ami Ji'Nuo-mlilJr-T- 
B "IfTUw otPrOglfseiVB W"rB. 

4. Summary of Amefican Hislpry. AiieieKBiottTtnt!. witiiMiHMrj 

\nv\\\ [nri? unil llnles, In 4fl)r'ltinu> \vtftt. U*i lit ouinuilnail to nitmiur 
linllm, U-Td in mvii'w of btgorYulumui^iW (Ur ce&rnnco eltupl;. ■■ Ar" 

PNHI AND <- Berard's School Histoiy of England, c«ni 

^•*"~'*l<*'* ail liilunuiiitij liUtorr nf xhn fodul lili; oC x\\o E 

3. Summary of English and of French History. FDAM 
A wriiH of briuf pljlvniuntB, pirowitEDB more pulnu uf ■ I'HIT 
niuii:limiu>t fUr llie piiiiU'e IntnoU will .memoF; (lisa 11 difunnloipckl 
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